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It is the purpose of the technical quarterly to encourage new 
authors as well as to serve the scientific and technical people 
who are accustomed to writing for publication. No unbreak 
able rules have been set for the preparation of manuscripts, 
therefore, but the following suggestions may be helpful to 
prospective authors and will facilitate the work of editorial 
preparation 


ORIGINAL MATERIAL. Every contribution is accepted 
with the understanding that it has not been published or ac 
cepted for publication elsewhere. Occasional reprints, trans 
lations from foreign publications, or cases of simultancous pub 
lication may appear but only by special arrangement between 
the editor and the author 


AUTHORS’ COPIES. The Society is a non-profit organiza 
tion and the technical quarterly has no income from advertising 
Papers are published as a service to the photographic public 
without payment to authors. The author will be sent five 
copies of the issue in which his contribution appears and ad 
ditional copies may be purchased at cost. Reprints are pro 
vided and may be ordered on blanks provided at the time 
galley proofs are sent to the author for correction 


MANUSCRIPT PREPARATION. Authors are expected to 
typewrite manuscripts, double-spaced, on one side of 8'/, x 11 
inch sheets of white paper. At least 1'/, inch margins should 
be left on all sides and the sheets numbered consecutively 


REFERENCES AND POOTNOTES. Bibliographical refer 
ences should be collected at the end of the paper and num 
bered consecutively to agree with superscript numbers in the 
text, Footnotes should be typewritten at the bottom of the 
manuscript pages, to which they apply and indexed consecu 
tively by an asterisk, dagger, section sign, etc A brief sum 
mary or abstract is recommended. This should appear on the 
first page, immediately under the title 


SUGGESTIONS FOR CONTRIBUTORS 


ILLUSTRATIONS AND TABLES should be provided on 
separate sheets of paper and, if possible, should be the same 
size as the typescript pages. Illustrations should be numbered 
consecutively and given a caption sufficient to acquaint the 
reader with the story they tell. Captions should be collected 
at the end of the manuscript. Tables are numbered consecu- 
tively with Roman numerals and should be provided with 
headings which explain their purpose. Tables should be fur 
nished, cach on a separate sheet of paper, at the end of the 
manuscript. 


ENGRAVER'S COPY. Photographs should be on glossy 
paper and at least 50% larger in size than they will appear in 
print. They should be identified on the back with the figure 
number and the author's name. Never put paper clips on photo- 
graphs. Copy for line cuts should be drawn with India ink on 
heavy white paper or reproduced as black-and-white photo- 
graphs from negatives used carlicr in the preparation of lantern 
slides 


EDITORIAL SERVICE. Papers are accepted for publication 
upon recommendation by the Board of Editors. Every effort 
will be made to publish them promptly. Unsuitable manu 
scripts will normally be returned to the author but no respon 
sibility is assumed for contributions. Obvious corrections will 
be made as a matter of course. In case extensive revisions or 
additional material are required, the manuscript will be re 
turned to the author with recommendations. New authors 
may secure rewrite and revision service from the Board of 
Editors upon request 


Art work of minor corrective nature will be done on illustra 
tion copy without charge. Extensive art work or redrawing of 
charts, etc., will be charged at cost. Authors who have no 
facilities for preparing charts and graphs may submit sketches 
and arrangements will be made for providing the necessary 
engraver's copy 
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Processing large volumes of color film to obtain a 
not encountered im handling black and white film 
ence to recomimec nded 

control checks of the finished product using 
control strip densitics is illustrated and described 


, = mission Of the Armed Forces Institute of Pathol- 
ogy is stated as: consultation, education, and research. 
To all three activities color photography makes im- 
portant contributions, and it is lodlepencable in the solu- 
tion of certain diagnostic and research problems. The 
requirements regarding color fidelity are very exacting 
and must be mct by maintaining high standards when 
color film is processed in large volume. 

Production of color medical illustrative material at 
the Armed Forces Institute of Pathology has grown from 
7,400 items in 1945 to 60,000 in 1955. All of the 1945 
production was on Kodachrome, which required no 
processing at the Institute. Approximately half of the 
1955 production was on Ektachrome, which must be 

rocessed immediately within the facilities of the 
lassiouee. The prospects are that both total color pro- 
duction and the proportion locally processed will con- 
tinue to rise 

More than half of the color work is duplication, in 
which every effort is made to match the original color 
transparency. This requires close tolerances in color 
processing. Because of the adaptation of the human 
eye, original color transparencies can deviate as much as 
one .10 color compensation filter and still be acceptable 
to most viewers; but when an original is compared side 
by side with a duplicate on the same light source, devi- 
ations overall of one .05 color compensation filter can 
be detected by most viewers. 

The factors bearing aoe the production of color 
film transparencies of high quality are varied and com- 

lex. Some of these factors are casily controllable. 
fn the production of film, the manufacturers limit per- 
missable deviations to the order of a CC .10 filter from 
their standard for an ideal product. Other factors, 
particularly storage and exposure conditions, are not so 
easily controlled. 

With the release of color films that can be processed 
by small laboratories with relatively little control 
equipment as compared with Kodachrome, and with a 
growing use of these films, thoughtful attention must be 
given ail those details which during processing can con- 
tribute to high fidelity color. Questionable methods 
employed by the color film processor should not be 
superimposed on the many hazards that the amateur and 
professional must encounter in making color te a 
of excellent quality. The consumer is certainly en- 
titled to receive a product that represents the ultimate in 
controlled processing conditions within the bounds of 


* Photography Division, Armed Forces Institute of Pathology, 
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VOLUME COLOR FILM PROCESSING IN PRACTICE 


John Oliver Brostrup* 


ABSTRACT 


oduct of high quality presents problems that are 
hese problems can be solved by meticulous adher- 


ures, by the maintenance of high standards of laboratory cleanliness, and by 
ocessing control strips. A method of rapid reading of 


economic practicality. Many of the controls are de- 
pendent upon judicious supervision of processing equip- 
ment, techniques and personnel. 

This paper represents a synthesis of ideas and ex- 
perience uma by the author and his colleagues 
during ten years spent processing color film in large 
volume. The laboratory layout, equipment and meth- 
ods herein described are not necessarily those currently 
in use at the Armed Forces Institute of Pathology, nor 
does any statement concerning equipment or methods 
constitute an endorsement or recommendation, 


Laboratory Layout 


The color film processing during an average day at 
the Armed Forces Institute of Recholeay is 300 to 500 
sheets of 4 x 5 film, or the equivalent square footage of 
8 x 10 film, per cight-hour work day of one person on 
the processing line. When unusual demands have 
necessitated overtime work, the maximum output was 
700 sheets in a day, with one person re on the 
ss line from 8:00 A.M. to 4:30 P.M. and another 
rom 4:00 P.M. to 12:30 A.M. The person on the process- 
ing line also mixes his own solutions and is relieved at a 
break during the morning and afternoon, and at lunch 
period. 

An ideal layout for sheet-film processing is shown in 
Figure 1. Since one person must operate ie entire line, 
and the volume of production requires trains of batches 
of film going through the line, it is essential that both 
the inner (dark) area and the outer area be light proof, 
Expiration of developing times may require the operator 
to move from Area 1 to Arca 2, sometimes in total dark- 
ness. The entrance to the whole line should be through 
Area 2, thereby allowing unprocessed and processed 
film to be carried in and out while developing is going 
on in total darkness in Area 1. 

On the door jamb just inside Arca 1 there is a small 
signal box marked ‘'S’’ on Figure 1. In this box are 
mounted two 7-watt candelabra lamps, separated by a 
light-tight divider and covered with a metal plate per- 
forated by two holes, '/,'' in diameter, one over cach 
light. Behind one hole a dark red filter and several 
neutral density filters make this light just visible in 
total darkness. Behind the other hole is a dark green 
filter and neutral density filters. The red signal lene 
is wired to the light fixtures in Area 2, all being on one 
circuit. The green signal lamp is wired to a micro- 
switch (SW on Figure 1) on the door from Area 2 to the 
rest of the photographic laboratory, so that it burns 
when the door is closed, With these signal lamps in 
operation, if work is progressing in total darkness in 
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Pig. 1. 


Area 1, the green light on the signal box must be burning 
and the red light must not be on when the door to Area 
2 is opened 

An alternative plan for the processing line is indicated 
by hatched lines in Figure 1. If it is necessary to swing 
Arca 2 9 degrees, this represents the best plan as 1¢ 
minimizes the movement of processing cages from the 
hardener to the next rinse. The film drying cabinets 
can be located in an adjoining room, but are ideally 
placed immediately after the final wash 

Air conditioning in the laboratory housing the proc- 
essing line is highly recommended. It will fealents 
temperature control of the processing solutions, provide 
clean circulating air, and contribute to the comfort of the 
operators 

The laboratory layout for processing 35mm _ color 
film depends on the type of equipment and availability 
of space. At the Armed Forces Institute of Patholog 
film of this type is almost entirely in 50 ft and 100 fe 
lengths and is handled on Nikor reels. In general 
photofinishing operations, strips of these lengths are 
seldom processed. Several different types of equipment 
for processing short length color film are available and 
the floor plan for each of these will have to be indi- 
vidually determined. In locating this equipment the 
outer, normally light area should be partitioned so that 
in emergencies it can be totally desanal to facilitate 
access to both areas under ‘blackout’ conditions 
Use of a maze or double doors is not a good substitute, 
for it increases the distance from the hardner to the next 
rinse, which should be kept to an absolute minimum 

Hot, tap, and chilled water in ample supply are essen- 
tial to high quality color processing, ond ta pressures 
of all three lines must not jump or drift as other de- 
mands are made upon the systems. Filter systems 
must be installed if finely divided sand from water 
purification plants, rust and other contaminants are 
present, 

At any instant there may be from two to four }'/,gal- 
lon capacity rinse tanks in operation on the one Ekta- 
chrome sheet film line alone. Each of these rinses re- 
quires at least three gallons per minute, making a total 
minimum requirement of twelve gallons per minute 
This amount is exclusive of the water used in simul- 
taneous processing of 35mm film and other operations 
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A suggested laboratory plan for color film processing. 


Tap water in Washington, D. C., varies from about 
45F eeeey to about 85 F in August. Water on the 
sheet film line should be tempered to 75 F. For winter 
operations the temperature of hot water should be 
130-140 F and for summer operations chilled water 
should be 40-50 F. Even with adequate supply and 
constant pressure it is difficult to maintain 75 ia the 
spring and fall when the tap water is near 75 F. In 
spite of possible inefficiency, at least in Area 1, it is 
necessary to mix hot water with chilled water during 
these transitional periods until the tap water is cither 
below 70 F or above 80 F. 


HOT WATER Tap WATER CHILLED WATER 


SERVICE SERVICE SERVICE 
Cwecn VALVES 
THERMOMETER 
2 5 4 
TO EQUIPMENT TO 
Pig. 2. Plumbing schematic diagram for proper 


maintenance of solution temperatures in color process- 
ing. 


Figure 2 shows a typical plumbing schematic. There 
should be a separate mixing valve for cach area.* For 
summer operation, Valves 1 and 3 are closed, Valves 
2 and 4 are open. For winter operation Valves 1 and 
3 are open and 2 and 4 are closed. Most city codes re- 
quire check valves where there is an installation of mix- 
ing valves, and also where there is no air space between 
contaminated water lines and supply lines. While 
check valves reduce pressure slightly, they are abso- 
lutely necessary in color film processing installations. 

* The nominally priced mixing valves do not correct for erratic 


changes in pressure. Mixing valves manufactured by Lawler and 
Powers are satisfactory 
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The mixing valve thermometer should have a luminous 
pointer with a luminous mark at 75 F. In a large, 
continuously operating installation it is advantageous 
to have a recording thermometer in cach of the two 
developers as a further control measure. Al] thermom- 
eters should be checked periodically with a precision 
mercury thermometer. Recording thermometers selling 
under $50.00 are now on the nae, 

If there are individual valves at cach rinse tank, Valve 
5 is not required. The individual valves for cach rinse 
are shown in Figure 3. Water is flowing in any rinse 
only when that rinse is in use. Valve 6 and a hose that 
will reach all tanks is useful when flushing out old solu- 
tions and mixing new ones. 

Drains from Area 2 should be made of rubber hose or 
plastic pipe until the bleach rinse reaches a point at 
which dilution with rinses from other areas will no 
longer cause serious corrosion of commonly use gal- 
vanized Pipe The trap immediately below the rinse 
after bleach will be a problem unless fitted with rubber 
hose or plastic pipe. All plumbing should be casily 
accessible for servicing. If possible, color film process- 
ing units should be loesual in areas where possible 
overflow or leakage from a tank that may give way 
in off-duty hours will not cause serious damage. A 
ceramic tile floor with drain is a good precaution. With 
tile or cement floors, however, */, inch thick rubber 
rugs are a necessity for the comfort of personnel who 
must be on their feet all day 

The requirements for clectrical current generally are 
not high. A separate 20 ampere box with large pull 
handle switch is used for switching on and off the sec- 
ond exposure light. All cquipment including timers, 
second exposure light boxes, etc., should be adequately 
grounded 


Sheet-Film Color Processing 


The precautions specified by the manufacturers of 
color film should be observed under close supervision 


Fig. 3. Grahc vane agitation equipment. A batch 
is about to be lowered into the bleach solution. Plastic 
covers protect the solutions from contamination when 
not in use. 
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All solutions should be properly mixed and free from 
contamination. 

Ektachrome color developer chemicals should be dis- 
solved in the recommended volume of water. Before any 
equipment is used the total final volume of all solutions 
should be measured with an accurate graduate and indi- 
cated on or near cach tank. Careful supervision should 
be exercised to ensure that the solutions are prepared in 
the exact volumes specified 

Only 4 x 5 and 8 x 10 sheet-films are processed on the 
E-1 Ektachrome processing line. Occasionally larger 
sizes up to 24 x 30 are processed in trays. Four by five 
inch film is developed in multiple hangers. A batch 
consists of ten hangers of cither 4 x 5's or 8 x 10's, or any 
combination of the two 

A processing control strip is included with each batch. 
To carry this strip, special combination hangers were 
made from the regular 4 x 5 Kodak No. 4A film hangers 
and the special wold made by Kodak for carrying 
processing control strips. Each hanger consists of one 
control strip hanger and two 4 x § hangers, cut, com- 
bined, and spot welded into a unit. On six of these 
units the § x 7 control strip hanger was located below the 
two 4x § hangers, on six others the control strip hanger 
was located above the two 4 x 5 hangers Por con- 
tinuous processing of batches of film, including drying 
time, twelve of these special combination hangers are 
required 

A typical batch of ten hangers consists of one control 
strip, : roe 4 x 5's and two 8 x 10's or any other com- 
bination of a special control strip hanger, 4 x 5 multiple 
hangers and 8 x 10 hangers 

Storage racks for hangers are located over the loading 
bench in Area 1 While developing is proceeding, 
hangers are loaded and placed in ‘‘dry’’ 8 x 10 hard 
rubber tanks with light-tight lids. On Friday afternoons 
all hangers and reels are given a soaking in a hot sodium 
carbonate solution to remove emulsion that may have 
stuck to the channels or wire guides. This is followed 
by a thorough wash in hot water 

There are several compelling advantages to having 
film remain in the solutions during processing. The 
Grafic vane agitation equipment shown in Figure 3 has 
proved consistently reliable over a long | se of con- 
tinuous use. The constant movement of the vanes at 
eight cycles per minute was found to provide too much 
agitation. A Graylab universal timer was altered to 
trip the Grafic vane agitation at a cycle each thirty 
seconds. A supplementary bypass switch closes the cir- 
cuit Co give continuous agitation during the first thirty 
seconds a batch is in any solution and also to stir the 
solutions before processing is resumed after a break of 
several hours 

Processing times are the same as recommended for 
Ektachrome sheet film in E-1 solutions, with the excep- 
tion of the rinse after first developer. This rinse is given 
1'y minutes with a plus or minus 10-second tolerance, 
and is required to avoid alum scum. Perhaps this scum 
forms as a result of the characteristics of Washington, 
D. C., water; however, with this 1'/.-minute rinse there 
has been no trouble with alum scum or reticulation, 
The times in first developer and color developer are 
changed as the solutions are used. Figure 4 shows the 
dial record that is kept of films processed through a 
given mix of 3'/, gallons. The capacity of 3'/, gallons 
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CAPACITY OF E-i SOLUTIONS - 400 4x5'S 


Number of 4" X 5” films developed. 
Each division = 2-4X5's @ First Developer 
1-8" K 10" = 4-4X5's @ Color Developer 
Do rot exceed capacity of solutions. 

Fig. 4. Dial for recording the number of units proc- 


essed in a given mix. 


of E-1 solutions is 400 sheets of 4x 5 film. Immediately 
before a batch is placed in the first developer the pointer 
is advanced to indicate the number of units about to be 
processed. The zone in which the pointer falls de- 
termines the first developer and color developer times, 
thus when the second batch of 38 sheets of 4 x 5 film 
plus its control strip is about to go into the first de- 
veloper, the pointer will be set at 77 and the times for 
this batch will be 10'10”' in the first developer and 14’40” 
in the color developer. (The control strip is counted 
as half a sheet of 4 x 5.) Individual luminous-dial 
interval timers are located immediately above cach 
solution and each rinse tank. Because of the critical 
nature of the first developer and color developer, large 
luminous-dial timers are used above these tanks 

The temperature of the solutions is brought to 75 F 
plus or minus ' ae Arca | is darkened and a de- 
veloping cage is loaded with ten hangers. The hangers 
must be placed so that all emulsions face the vanes. 
It is advisable NOT to have an 8 x 10 hanger and a multi- 
ple 4 x 5 hanger face the same vane as eddy current marks 
may show up on the 8 x 10 film. The cage is lowered 
into the fiese developer, the clock is started, and the 
constant agitation switch closed. After thirty seconds 
of constant cycling (four cycles), the intermittent cy 
cling clock is turned on and for the remainder of the time 
there is a vane agitation cycle cach thirty seconds 
About twenty seconds before the end of the prescribed 
developing time the cage is withdrawn from the solu- 
tion and drained from one corner. Precisely at the ex- 
piration of the specified time it is immersed in the next 
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tank and the clock set for this rinse. This technique is 
used in cach solution or rinse, immersing cage and setting 
timer, draining cage for fifteen seconds, and immersin 
in the next tank precisely at the end of the paneribed 
time 

Second exposure of sheet film is done by holding each 
hanger in the second exposure box for a total of four 
seconds. See Figure 5. Outside dimensions of this 
box are x x In each section there is a $00 
watt, 3200 K lamp covered with a sheet of opal glass 
When the hanger is withdrawn from the hardener, it is 
shaken vigorously and tilted at an angle causing the film 
to lie against one side of the hanger channels. The 
hanger is held in the second exposure box at that angle 
for two seconds. It is then » and tilted to an 
opposite angle that will allow the film to lic against the 
other side of the hanger channels. This technique is 
rapid, does not require removal of film from the hangers, 
and gives adequate second exposure out to the edges of 
sheet film. 

If only one person operates the Ektachrome sheet 
film line, the starting time of cach batch must be con- 
sidered. As soon as a batch is transferred to the color 
developer a new batch is started in the first developer. 
With the starting time of a batch in the first developer 
geared to starting a batch in the color developer, no 
conflicts arise in starting and terminating times for any 
of the solutions or rinses 

In order to have a continuous uninterrupted linc, the 
following technique is used to furnish two separate 
clear and fix solutions. Upon exhaustion of a mix of 
solutions, all are discarded except the clear and fix solu- 
tion following color developer. This solution is 
moved down the line to the position following the 
rinse after bleach. This technique has been followed 
for five years without difficulty 

Developing times and procedures recommended by the 
manufacturer generally are followed but it has been 
found that the rinse after the first clear and fix should 
be held to a plus or minus ten second tolerance. For a 
final rinse, Photo-Flo should be used for Ektachrome and 


Hanger held at an angle while in the second 
exposure box. 


Fig. 5. 
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Fig. 6. Densitometer and strip recorder used at the 
Armed Forces Institute of Pathology laboratory. 


Glim for Ansco¢hrome. In this laboratory with forced 
drying, this rise is required to avoid water-soluble 
residues and water spot drying marks. Two Oscar 
Fisher Anhydrators are required to handle a batch of 
sheet film every half hour plus a 100 ft roll of 35mm 
E-2 Ektachrome every two come When a new batch 
of film is about to be placed in the drying cabinet, the 
a batch is moved from the lower to the upper 
evel so that water droplets do not fall on partially 
dry film. E-1 Ektachrome will be completely } in 45 
minutes, E-2 Ektachrome in 30 minutes. When first 


ut into operation the Oscar Fisher Anhydrators should 
ie very thoroughly cleaned with a vacuum cleaner to 
remove fine particles of the drying chemical that get out 
into the drying area during shipping. 

The only 35mm color film processed is bulk E-2 
Ektachrome that has been exposed on the 35mm dupli- 
cation bench described in a paper delivered at the Oc- 


tober 1955 meeting of the Technical Division of the 
Photographic Society of America.* This film is proc- 
essed in 35mm §0 or 100 ft Nikor reels loaded in the 
special loading stands. The film is not removed from 
the reel from the time of loading until completion of 
processing and drying. The emulsion of E-2 Ekta- 
chrome does not stick to the guide channels of the Nikor 
recls even with forced drying. The reels are ready for 
the next loading immediately after removal of dry 
processed film. Second exposure is accomplished by 

lacing the reel in a dry tray two feet from a #2 Re- 
— Photoflood for 20 seconds on the first side and 15 
seconds for the other side. The Photoflood should be 

otected by a sheet of glass to keep water droplets 
loots splashing on the lamp and fowe causing it to 
shatter. 

Recommended processing times for E-2 Ektachrome 
are followed precisely po fons is no change in times 
of processing in any solution with attrition of the mix. 
Agitation should follow a precise and unvarying routine 
to ensure uniformity. Over-agitation causes a lighter 
than normal transparency while less than normal agi- 


* This paper will be published in Photographic Science and Technique 
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tation results in darker transparencies. In both cases 
color shifts result. Agitation is accomplished b 
drawing the reel to the top of the developing caak 
and lowering it repeatedly during the first fifteen seconds 
in cach solution; after that ic should be raised and 
lowered once only at intervals of one minute. The reel 
should never be rotated. The solutions are not used be- 
yond the fourth day after preparation. One gallon of 
solution will process 170 ft of 35mm E-2 Eiendhounte 

Nitrogen burst agitation appears to be a very attrac- 
tive development and it may be installed to increase 
productive capacity further. Incorporation of this 
system into the present equipment at the Armed Forces 
Institute of Pathology would necessitate the installa- 
tion of gas distribution manifolds in every solution tank, 
because at any instant as many as four solutions may be 
in use. Nitrogen burst would be used for the two de- 
velopers and compressed air for all other solutions. 
Water-pumped nitrogen must be specified; oil-pumped 
nitrogen cannot be used for film processing. 


Processing Control 


As a check on color processing standards, an Ekta- 
chrome Process Control Strip is included with each 
batch of film. These strips are shipped from Rochester 
by Air-Express packed in dry ice, and are kept at 0 F 
until the day before they are used. The use of these 
strips, together with tri-linear' and chronological’ 
plotting, gives conclusive evidence of the quality of 
color film processing. Color film should be key coded 
to the control strip with which it was processed, This 
method provides a permanent record which can be used 
to establish the adequacy of a processing run that might 
be questioned. 

The objection to the use of control strips has been the 
length of time required to interpret results. This ob- 
jection has been overcome and the considerable ad- 
vantages of using control strips have been realized by 
adoption of the following techniques. The five to twelve 
control strips processed daily can be read, computed and 

lotted in a half hour by using an Ansco-Macheth 
Model 12 color analyzing together with a 
Brown Strip Recorder Model Y153X12(X)-X-(6). See 
Figure 6. Only one color analyzing densitometer is 
used for control strip reading as cach has its own charac- 
teristics. An O-§ scale for the Brown Strip recorder 
is part No. 77078-5405N and O-30 chart paper is stock No. 
5405-N. 

The method of connecting the strip recorder to the 
densitometer is described in the manual for the densi- 
tometer. This hook-up was altered to the extent of 
using two double-pole double-throw switches. This 
instantaneous switching arrangement makes readily 
available cither the densitometer or the strip recorder 
Since the color analyzing densitometer is used for other 
work, instantancous switching between it and the —_ 
recorder is necessary. These switches are ganged wit 
a piece of bar metal and when thrown in one direction 
put the densitometer scale in operation, when thrown in 
the other, activate the strip recorder scale. Both can- 
not be used simultancously. The toggle switch next 
to the ganged switches controls transmission or reflec- 
tion density readings. The chart drive switch was 
moved out of the recorder and is the top toggle switch. 
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The strip recorder sensitivity control is the shaft located 
in the center rear of the recorder side panel. Both these 
instruments are adequately grounded 

In use the densitometer and recorder are adjusted 
to the pore zero and sensitivity control settings as 
specified in the instruction manual. With the strips 
in proper sequence, first all red-light densities, then all 
green lieht densities, and finally all blue-light densities 
are recorded in order. From the data recorded on the 
Brown Strip Recorder, computations and plotting are 
done as described in references 1 and 2. Experience at 
the Armed Forces Institute of Pathology indicates that 
deviations from the control strip processed by Kodak 
rarely exceed a .10 CC filter, normally not over .0§5 CC 
The drift with attrition of a mix is in the direction of in- 
creased magenta. It is pointed out that E-1 solutions 
usually become exhausted daily and always by the end of 
the second day. Since there are no operations on 
Saturday or Sunday, a given mix may possibly be used 
Friday and the following Monday, but usually this 
procedure is avoided by proper management of process- 
ing schedules 

Tn connection with the examples given in reference 1, 
it is to be noted that the grouping of the plot points 
need not be centered at the intersection of the C-Y-M 
axes. Depending upon the particular color analyzing 
densitometer and the characteristics of its individual 
filters, the grouping may be in any sector of the plot 
plan. The point is, that the plots for locally processed 
strips should be as close as possible to the plot for the 
Kodak processed strip and should not drift beyond, say, 
a 0.10 distance away from it 

Since the plots of control strips at the Armed Forces 
Institute of Pathology normally are within a O.10 
tolerance, and the color film processing does not operate 


BIOLOGICAL PHOTOGRAPHERS’ 
MEETING 


The first five-day meeting in BPA history is scheduled to be 
held in Rochester, New York, August 27 to 31, with head 
quarters at the Powers Horel, This 26th annual meeting of 
the Biological Photographic 
quarter century of professional service to research organizations 


Association, Inc., celebrates a 
and the healing arts 


General Chairman John J. Beiter (Rochester Hospital) has 
scheduled a day-long session on color photography, materials 
and processes, followed by technical paper sessions, field trips, 


and exhibitions of prints, slides, and motion pictures 


NEW WESTON EXPOSURE METER 


A new model of their popular photoclectric exposure meter, 
claimed to have greatly improved resistance to shock damage, 
announced by the Weston Electrical Instrument 
Named the Master III, the new meter 
porates design features which have been employed in Weston 


has been 
Corporation incor 
precision instruments to safeguard their accuracy and prevent 
The meter movement 
within the case and the jewel bearings 
for the pivots ride on shock-absorbing springs 

The calculator dial has been redesigned to make use of the 
American Standard Exposure Index numbers for designating 


damage under military field conditions 
is ‘cushion mounted 


42 

— 


on a replenishment schedule, the chronologic plotting 
described in reference 2 is not done. When increased 
volume of E-2 processing necessitates a replenishment 
schedule for these solutions the chronologic plotting 
will be a great aid to quality control. 

A new method of quality control was announced by 
the Kodak Company in November 1955.* This new 
system has not yet been adopted at the Armed Forces 
Institute of Pathology because an a supply of 
original type E-2 control strips is on han 

Interpretation of the new control strips promises to be 
more convenient and rapid than the old system. The 
equipment for taking rapid readings of many strips herein 
described can still be used to good advantage with this 
new quality control procedure 


Summary 


The procedures described have resulted in color film 
processing of uniformly high quality. Major factors 
contributing to success are (1) judicious supervision; 
2) adherence to recommended procedures, especially 
with respect to solution capacity, total volume when 
mixing and rigid uniformity of processing times and 
frequency of agitation; (3) laboratory cleanliness and 
freedom from contamination, and (4) control checks 
by the use of processing control strips. 


References 


1. Eastman Kodak Company: Trilinear Plotting for Kodak Ekta- 
chrome Film Process Control, 1955 
2. Eastman Kodak Company 

Control, 1955 
5. Eastman Kodak ( ompany: Quality Control, Process E-2, Kodak 
Ektachrome Film, Publication Y-40, 1955 


Chronological Plotting for Process 


film sensitivity. Additional provisions have been made for the 
non-standard lens aperture markings of the Polaroid cameras 
and for the arbitrary scale of numbers found on LVS shutters 
recently imported from Germany 


t/STOPS 
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SMUTTER SPEEDS 


Weston Master III calculator dial showing new style easy- 
to-read-numbers and indication for Polaroid cameras and 
Dekel LVS shutters which do not grade relative apertures in 
the conventional f/numbers. 
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SOME STATISTICAL ASPECTS OF COLOR PROCESSING 
CONTROL 


Spencer B. Fulweiler* 


ABSTRACT 


Profitable color operations require adequate process controls 
and it is shown how statistics, gathered over a period of time, are utilized in establis 


the necessary controls 


Ss TISTICAL ANALYsis in Color processing control 1s used 
to provide a basis for action with manned to the produc- 
t10N process with a view to future work—-should process- 
ing conditions be left alone or should action be taken to 
find and climinate the disturbing causes 

W. E. Demming, in an article on Shewhart’s methods 
of quality control, makes some sound observations with 
reference to the problem. He says there is no such thing 
as consistency in real life. There is, however, such a 
thing as a constant-cause system. The results produced 
by a constant cause system vary, and in fact may vary 
over a wide band or a narrow band. They vary, but 
they exhibit an important feature called stability 

Why should anyone apply the terms constant and sta- 
bility to a cause system “wd produces results that vary? 
Because the same percentage of these varying results con 
tinue to fall between any given pair of limits hour after 
hour, day after day, so long as the constant cause system 
continues to operate. It is the distribution of results 
that is constant and stable. When a manufacturing 
process behaves like a constant cause system, producing 
inspection results that exhibit stability, it is said to be 
in statistical control. The control chart will tell 
whether or not the process is in statistical control 

Scientific data are not collected for museum purposes 
Rather they are used as a basis for doing something, 
otherwise why collect the data. The intermediate be- 
tween the collection of data and the action ts evaluation 
and prediction. The ultimate object in the use of sta- 
tistics is to detect trouble and to provide a basis for 
action. 

Control departments are faced with many difficulties 
and problems and have to contend with objectionable 
variations in temperature, strength of solutions, chem:- 
cal mixes, replenishments rates, operating speeds among 
the many others 

If one drew up a chart of possible reasons for changes, 
he would find that a new one would present itself every 
day. It is only the mathematics of probability that can 
take into account these many factors. The probabilities 
are chosen on the basis of control knowledge, experience 
and clear thinking 

Since variability in processing-must be recognized as a 
natural characteristic, the object of a control department 
is to compile all factors which arise and which are 
revealed “ statistical computations. A_ particular 
study must also be made of the inherent variations in 
every process 
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Statistical methods are eyes to controls 
ing the basis for 


Quality control procedures establish the proper setting 
of processing conditions and automatically determine 
control limits which serve as warnings when action must 
be taken to prevent poor work. The control limits are 
set to improve quality, increase uniformity, prevent or 
reduce the production of unsatisfactory work——-and the 
control charts provide a running record on the perform- 
ance of equipment and personnel. 


Use of Sensitometric Strips 


Sensitometric strips are commonly used for color proc- 
essing control. After processing the strips and reading 
specific steps on a densitometer, a collection of figures ts 
provided which represent the color densities of the steps 
which were read. These figures are plotted on a graph. 
Over a period of time the > amc will vary at random 
above and below a mean value despite the fact that no 
changes occur in the processing conditions. If after 20 
or more plots one finds that a test varies from the mean 
by more than twice the standard deviation, the variation 
was nota random one. The test shows that the process 
is out of control and that a specific cause is assignable to 
this change 

For example: during a time when no changes were 
made in the processing conditions and more than twenty 
tests were made, two statistical calculations were made. 
The average density of a particular step on the sensito- 
metric control strip was 1.805, and the standard devia- 
tion was 0.027 he control limits had been set at a 
probability level of approximately 95°); that is, at 
twice the standard deviation. If the processing is under 
control, no test should vary from the mean 1.805 by more 
than two times the standard deviation 0.027. The con- 
trol limits are then set at 1.86 and 1.75 and if any test 
falls outside these limits one can say with an assurance 
of being right 95°) of the time that the system is out of 
control 

Ac this point it is important to make the distinction 
between the processing rhe out of control or outside 
the acceptable tolerance limits. The occasion may arise 
when the mean of the processing is within the acceptable 
tolerance limits but close to he upper or lower limit 
In such a case, unless the variance of the processing 1s 
very small, (although our processing may be actually in 
control) part of the soliaiion may be outside the 
accepted limits for po processing 

The control department's aim is to have both — 
and lower control limits fall within the acceptable toler 
ances for good processing with the mean centered on or 
near the ultimate. It can happen that while the mean 
of the processing is centered between the upper and lower 
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acceptable limits, and all points fall within the upper 
and lower control limits, still the control limits are out- 
side the acceptable tolerance. In other words, the process 
is in control, but a certain percentage of work may not be 
act eptable 


Changing Standards 


Another statistical aspect of color processing control 
presents itself when one is about to start on a new serics 
or different emulsion number for the control strips. At 
such a time it is prudent to determine by test if che 5 pon 
color balance and such characteristics of the old and new 
serics are so similar that they may be regarded as the 
salnic 

To make this test a number of the old and new strips 
are processed together under the same conditions and the 
means of the sensitometric characteristics under compari- 
son are calculated. Then a test is made to see if the mean 
of the old set is significantly different from the mean of 
the new or if there ts a good possibility that both sets 
can be considered as having come from the same popula 
To do this, estimates of the variances of the two 
sets are pooled and ‘‘t’’ is computed for the difference 
between the two means using the following formulac 


tion 


ny fle 
h + My 2 
Ne 


In such a test the mean speed of four old strips was 6.5 
and the mean speed of six new strips was 9.0. The esti- 
mate of the combined variances of the two sets was 4.88, 
and the calculated value for ‘‘t'’ equaled 1.83 with 8 
degrees of freedom. At a 95% probability level ‘‘t’’ is 
riven in the tables as 2.31. Therefore, since the calcu 
Cod ‘ct’ is less than the tabulated one there is no con 
clusive evidence that the old and new strips came from 
different populations, or were not the same. A further 
examination of the ‘‘t'’ tabie shows that this great 
difference between the means can occur one out of ten 
times 

In evaluating the results of a test run where the process- 
ing has been » ew under two different conditions, such 
as two different temperature controls or methods of 
replenishment, or types of agitation, one frequently 
wishes to know with some assurance whether the ran- 
dom variations of one of the ewo sets of control Strips is 
significantly greater than the other 

For example: two sets of ten strips are processed with 
agitation A and ewo sets with agitation B. To learn if the 
variance of A is greater than the variance of B, one 
calculates the variance of cach and the ratio of the 
variances, F 


variance A equals .498 with 19 degrees of freedom 
variance B equals .354 with 19 degrees of freedom 
F equals A/B or 1.41 


he tabulated value of F with 20 degrees of freedom in 
both numerator and denominator is 2.15. 


If the calcu- 


lated F is less than the tabulated value for the prob- 
ability level chosen, generally 95°), then the hypothesis 
that there is no significant difference between the uni- 
formity of processing is upheld. The F tables give the 

reatest value that can occur at a particular probability 
eal by chance alone. Since the computed value of F ts 
smaller than the tabulated one, one can assume that the 
variance due to agitation A, i.c., the uniformity of 
processing, is not different from B. More data might 
show otherwise; however, considerably more strips and 
continued testing would be required to prove it 

One of the greatest values in using statistics in color 
processing control is to be able to decide on one course of 
action or another and to know at least what the chances 
are for error if a wrong decision is made 

In analyzing a developer for bromide one might have 
the choice of two different methods of analysis and be 
undecided as to which appeared best to use. Again one 
may want to have some assurance that one method (per 
haps it is quicker and less complicated) will not give in- 
correct results 

One can set up the hypothesis that the average dif- 
ference between the two methods will equal zero. A 
number of analyses are made on different samples of de 
veloper using the two methods. The average difference 
between the two methods is calculated and the standard 
deviation of the difference and then a value for ‘'t’’ ts 
computed 

In a series of such tests the mean of the differences was 

07 with an expected value of zero. The standard 
deviation for the differences equalled .00186 and the com 

uted ‘‘t’’ equalled 3.75. Since the calculated ‘‘t’’ is 
leone than the tabulated value ‘‘t’’ of 2.26, then there 
exists a 95°) assurance that the expected value of a zero 
difference between the methods is wrong and there is a 
significant difference between the methods 


Analysis of Make-overs 


The control supervisor has the problem of how best to 
handle make-over statistics and get the greatest good 
from them. One of the most useful procedures is to plot 
the grand average for all the printers each day. One can 
use the same techniques and procedures used for the frac- 
tion defective control charts in other ficlds. After plot- 
ting the make-over percentages cach day for about one 
month, compute the mean and calculate for each day the 
control limits. Now one has a graphic picture of what 
happened, a record for management and a powerful tool 
for control 

Is the printing under control with random variations 
inside established control limits to which one can assign 
no specific Cause, or do the plots fall one day above the 
control limits and below the next, cach out of control? 
One of the great values ef these charts is to guide produc 
tion as to when a process should be left alone and con- 
versely when to look for assignable causes such as me- 
chanical difficulties in processing, or printing machines 
of operators’ mistakes 

Conclusion: When properly applied, with an under- 
standing of the fundamentals, statistics can provide a 
powerful tool for both management and production 
One of the most useful rewards it can bring about is the 
understanding that in any process random variations 
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must be expected. One can, through a study of these 
random variations, post limits and know at any selected 
neces level when to look for trouble and when to 
cave a process alone. In addition, statistics can give the 
greatest amount of useful information from the test data. 

Statistics properly applied to a color processing opera- 
tion will give a laboratory the necessary assurances that 
the public will receive an end product which is the ulti- 


mate in color rendition from the film used and that the 
operation in total cannot fail to be a profitable one. 


Bibliography 
“Statistical Methods for Chemists,"" W. J. Youden, Wiley 
“Industrial Experimentation,’ K. A. Brownlee, Chem. Pub. Co 
“Statistical Quality Control,’ E. L. Grant, McGraw-Hill 
“Industrial Scatistics,” Wm. Volk, Chemical Engineering, Mar. ‘$6 


EQUIPMENT FOR MOUNTING COLOR SLIDES 


Eugene G. Seary* 


ABSTRACT 


Slide mounts, heat sealers and film cutters have been developed for the semi-automatic mounting of 


35mm color transparencies 
sequence numbering and edge notching to serve as 


+ INTRODUCTION Of Kodachrome color film in 1937 
introduced a new size in the slide projection field-—the 
2 & 2 inch slide with a 24 XK 36mm opening. It also 
brought about the first large scale use of slide mounts, 
more particularly, cardboard slide mounts. This was a 
significant development for it contributed in no small 
way to the phenomenal success of reversible color photog- 


with sell film 
n 1937 the great popularity of 35mm black and white 


still photography had begun to wane. Color photog- 
raphy reversed this onl in very dramatic fashion 
Whar is not usually realized, however, is that the new 
color transparency film minimized most of the very 
serious mechanical faules of 35mm_ black-and-white 
photographs. The virtual elimination of fingerprints, 
scratches, abrasions and dirt made color not only at- 
tractive but practical as well. The slide mount was, of 
course, responsible to a large extent for this preservation 
of the original quality after the developed film reached 
the hands of the consumer. The other advantages of 
slide mounts, such as convenience, storage, etc., are 
somewhat secondary to the function of protecting the 
transparency. 

The first requisite for mounting transparencics is, of 
course, slide mounts. Thus far the only practical mount 
material for the color film finisher has been cardboard 
This material, in the form of a scored but unfolded card 
with a heat sealing adhesive, has been most successful. 
Literally billions of slides have been prepared by color 
finishers, large and small, using this material. They are 
socal used, and sold by film manufacturers 

A slide mount, despite its low cost, actually is a pre- 
cision product. All dimensions should be held + .005 
inch; some dimensions much closer. This precision, 
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One press and one cutter are described in detail, including provision for 


thumb marking 


for paper products, is unusual, The depth of the score 
line is especially critical. Paradoxically the higher the 


Fig. 1. Slide mount automatic sealing press for 2 * 2 
inch and stereo slides. (Model II) 
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Fig.2. Slide mounts sequence numbered and notched. 
The stack of slides on the right shows at a glance one 
slide out of position. 


quality of the paperboard the more exact the score must 
be. The tolerance with a good hard stock is less than 
OO1 inch 


The Heat Sealing Problem 


Another difhcult requirement to meet in order to make 
a good slide is a asick. reliable, and durable heat seal 
The thickness of a slide mount makes the penetration of 
heat from side to side a slow process. The temperature 
of the sealing instrument is severely limited by the pres 
ence of heat susceptible film and by the charable nature 
of the paper its [ Therefore, an adhesive with the 
lowest possible melting point must be used in order to 
heat-seal the slide in a reasonable ime. Very low melt- 
ing point materials were found to have poor shelf life 
and ageing characteristics. Suitable heat-seal materials 
have to be controlled, therefore, within very narrow 
limits. With too high a — point the slide can't 
be sealed in a reasonable time ‘ith coo low a melting 
pownt the slides are apt to block solid on the shelf before 
sealing, or fall apart after sealing. Experience showed 
very soon that adhesive on both surfaces to be joined 
yielded a tremendous improvement in heat sealing effi 
ciency and reliability 

The application of adhesive to both inside surfaces of 
a slide mount of conventional construction is not very 
practical. A radically different type of construction was 
developed, therefore, to permit coating with adhesive 
both of the surfaces to be joined. This innovation was 
the now familiar dimpled film retainer. By applying 
adhesive to the blank before punching, it is possible to 
have both surfaces coated. It was soon noted that 
registration of the hlm by means of dimples is more posi 
tive and far more accurate than was the case when con 
ventional registration means were employed. The 
climination of the conventional nest also results in a 
remarkable reduction in the tendency for a transparency 
to ‘pop’ when exposed in a projector using a high wat 
tage lamp 


The Sealing Press 


Having obtained suitable slide mounts, the next prob- 
lem of > color finisher is to seal chem with the film 
inside. A number of devices have been developed for 
this purpose. The simplest of these are manually 
operated presses which were offered by Ansco and by 
Pentagon Products. Manufacture of both these presses 
has been discontinued. A rather claborate device is 
the one built by the Eastman Kodak Company, orig- 
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inally, for their own use, and recently made available to 
color finishers. Between these two extremes, four 
power-operated presses have made their appearance 
One of these is offered by Heat Scaler Company of Los 
Angeles, the second by the Eastman Comune, 
the third by Pako, and the fourth one by Seary Manu- 
facturing company of Endicott, New York. The latter 
is shown in Figure 1. 

This is the Seary Model II, for 2 * 2 inch and Stereo 
slides. A larger machine, Model III, is made for 
2*/4 2*/ «inch size mounts for roll film color pictures. 

The press itself is automatic but the entire process 
of slide mounting with this press ts 
automatic. A mount and a transparency must be as- 
sembled by hand before insertion in the press. From 
that poimt on, mounting is automatic. When the as- 
sembled slide is put into the press, the press closes 
automatically as the slide reaches the proper position 
After an clectrically timed dwell, the press opens by it- 
self and the sealed slide drops down a chute and into a 
neat pile in the bin. The proper heat is maintained by a 
thermostat and the entire unit is clectrically operated 
and portable. Approximately 20 film rolls of 20 ex 
posures cach can be sealed per hour with this press, using 
recommended mounts 

The platens which actually touch the mount to ac- 
complish the sealing are easily removed. Interchange- 
able platens are available to seal stereo slides and the 
“Super Rollei’’ slide. The change-over can be accom- 
plished in less than 3 minutes 

In addition to the above mentioned attachments, two 
other accessories can be added; a sequence numbering 
device and a notcher. The numbering device stamps 
numbers consecutively from 1 to 24 in the upper left 
corner. A dial is manually set at ‘‘one’’ at the start of 
each roll of film. The rest of the numbering operation 
is entirely automatic, but the transparancies must be 
kept in order. Keeping transparancies in proper se- 
quence is best accomplished with a cutter which ts de- 
scribed later 

Notching is a most convenient method of orienting 
slides for projection. The Seary notching attachment 
places a small semicircular gap in the upper edge of the 


Seary Model II heat sealing press with covers 
no ogy showing magnet, slide rods, push rod and press 
jocks. 


Fig. 3. 
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Fig. 4. Press with numberer and notcher. Note the 
extra sliding block to carry the numberer shaft and 
notching punch. 


slide, near the right hand corner. Thus even in the dark 
the projectionist can instantly tell which way to insert 
the slide into his projector. The notch also makes it 
possible to quickly arrange and entire stack of slides for 
mistake-free projection. A glance is all that is required 
to check on every slide in a pack. Figure 2 shows the 
sequence number and the notch and indicates how a 


stack of properly oriented slides appears. 


Mechanical and Electrical Features 


The foregoing tells what the scaling press will do 
How it is done is a rather simple mechanical and elec- 
trical story. Essentially, the press consists of 2 metal 
platens, one of which ts heated. An electromagnet is 
used to force the platens together causing a slide be- 
tween them to be heat sealed. Figure 3 shows the press 
with covers removed. The platens are carried by the 
two heavy blocks near the front. These are held in 

lace and connected to the magnet by two slide rods. 

hese rods and the center push rod take the entire stress 
of the pressing force. No stress is transmitted to the 
press frame. This eliminates all flexing usually found 
in ''C’’ type construction and permits the machine to be 
buile much less massively. 

The electro magnet is of conventional ‘'E’’ type, but 
should not be confused with solenoids. The core and 
armature, contrary to the usual practice in inductive 
devices, are not laminated. The construction was de- 
signed to provide the strongest possible structure. The 
press exerts approximately 1000 pounds pressure so the 
mechanical strength of the parts must be adequate. 
Solid cores yield slightly sluggish magnets but for a 
slide-sealing press this is an advantage. When the mag- 
net coil is energized, the armature 1s drawn toward the 
core, pushing the bronze rod which in turn pushes the 
sliding platen block 

The total movement necessary in a slide sealing press 
isonly about .045inch. It has been possible, therefore, to 
use a directly connected magnetic device as a power 
source in spite of the fact that the strength of a magnet 
drops off rapidly as the armature recedes from the main 
core. The gap of the press is normally adjusted for 
.090 inch. A quick way to check this is to fold two 
slide mounts a insert both together into the gap. The 
press is adjusted till che mounts fit ——: Adjustment 
is effected by turning the nuts on the brass push rod 
For maximum pressure on the slide, the armature should 
be within about .005 inch of the core when pressing 
There is no adjustment for armature spacing on the 
standard press, it having been found that all available 
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slide mounts at present are within .004 inch in thickness. 
The later model presses with numberers or notchers have 
an adjustment for armature spacing, however, and this 
is accomplished by an extra nut and locknut located on 
the front end of the brass push rod 

The .090 inch platen gap mentioned above has been 
found to be narrow enough to prevent film from falling 
out of position in the mount. At the same time, this 
gap is wide enough to permit the slide to drop freely out 
of the press after sealing when the platens open. The 
mount with the film in position must be grasped firmly 
in the fingers to prevent the film from losing register 
with the aperture. After the mount has entered the gap 
of the press about '/, inch, there is no further danger of 
the film slipping. 

As the slit is fed into the top of the press, a micro- 
switch is actuated. (This is effected by having the 
switch lever extend into the slide path just above the 
platens.) While the switch is in this position, the timer 
capacitor is charged. When the slide reaches pressing 
position between the platens, the switch lever can re- 
turn to its normal place and this starts the pressing op- 
eration. The timer consists essentially of a relay, a 
rectifier, a capacitor and an adjustable bleed resistor 
much as in an electronic timer. No vacuum tubes are 
used, however, since a high resistance coil in the relay 
permits adequate dwells with a reasonably sized ca- 
pacitor. The usual rectifier protecting resistor and arc 
supressing capacitor are used 

A temperature of about 250 F is maintained with a 125 
watt resistance heater controlled by a snap action ther- 
mostat. Mounts can be sealed with a temperature as 
low as 180 or even lower, but the adhesion is un-reliable 
at lower temperatures and the pressing time excessive. 
If a normal dwell of 1'/, to 2 seconds is to be maintained, 
the temperature should not be less than 220 F, 

Figure 4 shows a press with the numbering device and 
a. installed. These devices require an extra sliding 
block to carry the numbering wheel and punch. The 
two sliding blocks and rear platen are slotted to permit 
the numbering wheel to contact the slide as it is held 
between the platens. When the notcher is installed it is 
necessary to dowel the platens in place and build the en- 
tire assembly to die set accurately. With cither the 
numbering attachment or the notcher, it is not practical 
to have interchangable platens so the press becomes a one 
purpose machine. A magnetic ratcheting device in- 
dexes the numbering wheel, advancing the wheel '/ 1 
revolution every time the press closes. The wheel em- 
bosses the number into the paper mount, the force being 
supplied by the press action itself. A little ink is ap- 

lied to the numbering wheel as it rotates past a _—s 
loaded felt inking disc. A very small amount of in 
makes the embossed number much more legible. 
pad inks and 


very well 


Stamp 
stage meter inks on the inking felt 
he numbering wheel has raised letters en- 
graved on its peripheral surface, and is hardened to re- 
sist the well known abrasive action of we 


Both the main magnet and the numberer magnet are 
operated by direct current. A conventional half wave 
rectifier with smoothing capacitor are used to provide 
this power. A 500 ma rectifier is ample for the job. 
Considering the force produced by the main magnet, the 
current required seems remarkably low, about 200 ma, or 
20 watts. 
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In both numbering and notching somewhat more care 
must be exercised in mounting than is the case for plain 
slides. The film must be placed in the mount with a 
definite relationship as to emulsion side. Also the 
bottom of the picture must always be down in the press, 
whether the picture is a horizontal or a vertical view 
A great aid in matching the transparency to the mount is 
a 35mm film cutter such as the Seary Model II shown in 
Figure 5. With this machine, never more than one 
piece of loose film ts on hand at one time. Each trans- 
parency ts mounted immediately after cutting. This 
eliminates all confusion as to sequence and emulsion side 
and makes identification of vertical versus horizontal 
quite easy. A great reduction in dirt and scratching also 
results from handling film this way. Best of all from a 
production point of view is that nearly 50°) more slides 
can be sealed 


Transparency Frame Cutter 


The cutter was originally designed to cut film for 
stereo pairs, which it still does. The conversion from 
2 X 2 inch slides to stereo pairs is accomplished by merely 
throwing a toggle switch. The cutting of stereo film is 
normally a very time consuming operation because of the 
accuracy required Fortunately, all stereo cameras on 
the market at present keep register between picture and 
film perforations. The cutter advances the film exactly 
5 perforations for every cut. It ts possible to auto- 
matically feed an entire roll of stereo film with a high 
degree of precision It has been found, in fact, that the 
film sealed into Seary stereo mounts is successfully pro- 
jected. Again as in 2 X 2 inch slide work the great vir- 
tue of the machine is quality coupled with efficiency. 
Thirteen stereo rolls per hour per operator is not un- 
common 

Figure 6 shows the indexing mechanism of the cutter. 
Ic can be seen that machine tool techniques are used. 


Fig. 6 


Mechanism of $5mm cutter—showing method 
of withdrawing pawls from indexing heads. 


Film cutter for both double frame and stereo. 
Automatic advance for all stereo pictures and about 90% 
of all double frame films is possible with this machine. 


This was made necessary by the great accuracy required 
for stereo cutting. The indexing heads and sprocket are 
very accurately machined. Indexing heads and pawls 
are hardened to maintain original accuracy 

When the actuating button is pressed, the knife sole- 
noid is energized. The solenoid moves a lever con- 
nected to the knife, and the film is severed. Interlock 
switches make the knife solenoid inoperative while the 
sprocket shaft is rotating. Thus transparencies cannot 
be cut in two by inadvertently pushing the actuator but- 
ton while the film is being advanced. As the knife re- 
turns to its original position after making a cut, a switch 
is actuated which in turn energizes a pawl solenoid. As 
the pawl pulls out of the iolesian head slot, another 
switch is actuated which starts the motor. The sole- 
noid is then de-energized and the paw! is released and 
rides on the outer surface of the indexing head until it 
drops into the next slot. The motor is then shut off by 
the switch connected to the pawl. A time delay circuit 
is employed to prolong the paw! solenoid energization 
to ensure the motor starting and running long enough 
to prevent the pawl from dropping back into the original 
iolenian head slot. The motor is dynamically braked 
to reduce wear and tear on motor coupling, gears and 
pawls. 

Continuous energization of a pawl solenoid renders 
one of the pawls inoperative the changeover switch 
selects one or the other paw! solenoid to be continuously 
energized. One indexing head has § slots, the other 8. 
These, working with the 40 tooth sprocket, allow cither 
an 8 or § perforation hole advance of the film 

The year 1956 undoubtedly will see a great increase in 
the use of color rollfilm. The availability of high speed 
Anscochrome and Ektachrome films makes possible for 
the first time the use by amateurs of reversible color 
material in a box camera. The high quality and rela- 
tively low cost of reversible color pictures is bound to 
attract the box camera owner 1, put color rollfilm 
in the hands of the consumer in a practical form ts highly 
desirable and slide mounts seem to be the answer. It 
has been found that rollfilm can be handled exactly like 
35mm miniature camera film in spite of the large area 
envolved. Mounts and sealing presses are available and 
are nearly identical, except for size 
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THE IMPORTANCE OF ACCURACY IN STEREO 
MOUNTING 


J. L. Simpson” 


SPECIALISTS, Consultants, technicians, and ‘‘ded- 
icated enthusiasts’ have long been talking and writing 
about the importance of correct and accurate mounting 
of stereo films, not only for projection but also in the in- 
terest of greater eye comfort in hand viewing 

Careful and painstaking studies in the ficld of stereo, 
conducted among groups composed both of neophytes 
and those who are aware of the problems, indicate that 
the misplacement and misalignment of stereo pairs by a 
mere few thousandths of an inch reduces ‘‘acceptance’’ 
of stereo by both the trained and untrained eyes. When 
such misalignment reaches as much as 25/1000ths of an 
inch —and this amount is almost ordinary in some mount- 
ing materials—-the eye and brain acceptance of stereo falls 
away almost to the vanishing point. 

In hand viewing a person with normal eyesight can 
accustom and adjust his cyes to misalignment quite 
readily, though it usually takes a bit of blinking and 
second or third looks through the eye pieces of the viewer 
to do this. When it comes to projection, however, mis- 
alignment can only be taken care of by adjustment of the 
projection lenses to balance either vertical or horizontal 
alignment. There is no adjustment possible, however, 
when one or both stereo films are not in square alignment 
with one another. 

An casy-to-use and practically foolproof method of 
mounting stereo pairs is the metal double-fold mask 
(see Figure 1) which provides die cut nibs for holding 
the corners of the films. No adhesives or sealants are 
used. The nibs are so designed that only enough toler- 
ances are provided for casy slippage of films under the 
nibs, and to take care of film expansion under varying 
weather and climate conditions. This allowance is 
exactly 2/1000ths of an inch vertical and horizontal. 
In mounting by this system, only careless or incorrect 
cutting of the films can cause trouble, which can be cor- 
rected by trimming of film to square it properly 


Choice of Masks 


When films are cut properly, the user need only to 
watch carefully the proper choice of mask. Masks are 
provided in Normal, Medium, or Close-Up, with these 
designations imprinted in the metal just below the manu- 
facturer's trademark on the back, or lower half, of the 
mask 

The Normal mask is used for films when the near point 
of subject matter is over 7 feet from the camera taking 
lens and the far point is over 20 feet. The stereo window 
is set at 7 feet 

* EMDE Products, Incorporated, 2040 Stoner Avenuc, Los Angeles 25, 
California. To be presented at the Color Processing Conference spon- 
sored by the Technical Division of the PSA in oe hang New York, 
25 and 26 May, 1956. Received 29 March, 1956 


PSA TECHNICAL QUARTERLY, MAY 1956 


The Medium mask 1s used if near point is from 4 to 7 
feet, and far point is not more than 20 feet, with stereo 
window set at 4 feet. 

The Close-Up mask is used if near point is from 2'/; to 
4 feet, far pomt not over 7 feet, with stereo window set 
at 2'/, feet. When the proper mask is chosen and used, 
hand viewing of the mounted stereo pair is much more 
comfortable, and in projection adjustments of lenses are 
entirely climinated with no discomfort to the viewing 
audience 

If the camera was not level when the picture was taken, 
of course, one film will appear higher or lower than the 
other when mounted Fh. situation can be detected 
readily in the viewer, before the mask has been folded. 
For accurate projection it is then necessary to trim either 
the top or the bottom of one film to bring it into align- 
ment, and the film nibs creased tightly onto the film edge 
to hold it firmly 

By this system mounting is accomplished directly 
from the cutter to the ieok Starting from the front 
end of the roll, the first picture cut is the first Right 

icture, which goes under the Right nibs of the mask. 

he next frame is blank. The third frame is the second 
Right, and goes under the Right nibs of another mask. 
The fourth frame cut is the first Left picture, and is 

laced opposite the Right picture in the first mask used. 

his oak is finished. examined in the viewer, and 
folded. The fifth frame cut is the third Right picture, 
and it is placed under the nibs of another mask-—and so 
on through the roll, with the films being handled only 
once— from cutter to mask. 


Fig. 1. Aluminum mask with die cut corner receptacles 
for accurately positioning the stereo pairs. 
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Other advantages of metal masks are: maximum pro- 
tection against the formation of Newton's rings and 
avoidance of film buckling, because of the air space of 
§/1000ths of an inch on both sides of film when it is 
under glass; freedom from dust, lint, paper flecks so 
noticeable in stereo films; knife-sharp window edges and 
freedom from ragged aperature edges. In addition to 
mounts for American Standard sterco pictures, the 
aluminum frames are available for mounting single 
frame transparencies in the 2 & 2, 27/4 + 2°/,4 and 
sizes for slide projection 

For mounting of films under glass, a one-piece alu- 
minum frame is provided (See Figure 2) to hold the glass- 
mask sandwich, which is merely slipped into the open 
end of the frame, and the lip of the frame folded over 
when the assembly is in place. Mounting under glass 
is strongly advised for projection; also ee protection 
against fingerprints, scratches, and smudges 

For users not wishing to mount under glass, a simple 
mask frame is ssvidel. into which the folded mask is 
slipped, with no adhesives or sealants 


Glass mounting of stereo slide films, held 


Fig. 2. 
in the aluminum fold-over mask, is accomplished by 


sandwiching between glass plates and sliding the 
assembly into a pre-formed aluminum frame. 


A SLIDE-RULE FOR PERCENTAGE MASKING AND 
GAMMA DETERMINATION IN COLOR 
REPRODUCTION WORK 


Robert R. Erwin* 


4 COLOR REPRODUCTION work, where principal mask- 
ing is employed to correct separation negatives and pos- 
itives, various methods are used to compute the ranges of 
masks to be made to certain percentages of the range of 
the original color transparency. Some forms of tables 
are published, and the percentage of a mask can be cal- 
culated on a conventional slide-rule, but by the use of a 
specially adapted slide-rule the readings can be made 
quite easily, as the rule incorporates only the numbers 
used for that particular purpose 

The reader will quickly see that the slide-rule (Figure 
one) is the ordinary logarithmic slide-rule up-ended, 
the numbers set at a right-angle to their usual positions, 
and graduated in the values common to the logarithmic 
densities used in sensitometry. The right- and left- 
hand scales are in fixed position, and the center scale 
slides between them 

To use anexample, assume a color transparency at hand 
to be separated by the indirect method for reproduction 
by one of the four-color ae processes. Using a 
densitometer to read the densities of the transparenc y, 
a reading is obtained of 2.8 in the shadows, and .4 in the 
highlights. The range of the transparency is 2.4 


*165 Woodbury Received 3 
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Chighlight density subtracted from shadow density). 
If one of the masks is to be made to 30 percent of the 
range of the original, the center movable portion of the 
scale is positioned so that the number “*30"' of the right- 
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Fig. 2. Using the slide rule for a mask having 30 
rcent of the range of the original, the number 430 is 
ined up at point A. 
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Fig. 3. For determination of gamma, the slide rule is 
adjusted so that the “Range of Mask" density is lined 
up with the “Range of Original” density and the de- 
velopment gamma read on the center scale opposite 
the 1.0 mark of the “Range of Original” scale; 


hand side of the center scale is opposite the index mark 
on the right-hand section raGE or Mask, 
as illustrated in (a) of Figure two. The desired Rance 
or Masx is read opposite 2.4 of the Rance or Orioinat 
scale as approximately .72 (as shown at (b) of Figure 
two). Exposing and developing the mask so that the 
densities read from 1.12 to .40, it will be found that the 
range of the mask is .72, or 30 per cent of the range of 
the color transparency. 

The same method is used for subsequent computations 
in finding ranges for additional masks used at different 
percentages. Variations of use will be apparent; the 
percentage of a mask can be ascertained by positioning 
the Rance or Mask reading opposite RANGE or OriGInaL 
and reading the percentage indicated by the index mark 
on Percentace or Mask. The gamma of a negative or 
positive can be read by setting the Ranoe or Mask 
density in line with the Rance or Oricinat density, 
and the development gamma read on the Ranoe or 
Mask scale opposite fa 1.0 mark of the Ranoe or 
Ortorat scale. Thus, a positive that has a range of 
1.5, made from a negative whose range was 1.2, was de- 
veloped to a gamma of 1.25 (see Figure three) 

In making the slide-rule casy to read, some details must 
be sacrificed. A value such as .78 can only be estimated 
by judging its position between .75 and .8. 

Readers of Puoroorapnic Science AND TecHNIQUE May 
copy the scale for their own use. However, in the proc- 
ess of reproduction and printing, the scales may stretch 
or shrink enough to pmo them out of coincidence. 
This will not do too much harm, but if the user is con- 
cerned with that effect, he must copy the main illustra- 
tion on a process camera, making sure that the plate- 
holder oak oun board are parallel. Prints should be 
made on a water-resistant base paper, preferably ce- 
mented to thin metal before printing and processing. 
Correction of the graduations can be made by comparing 
the resulting scales with the appropriate section of an 
accurate two-cycle logarithmic scale. 
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Slide rule for rapid determination of range of 
orrecting color separations. 
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PSYCHO-PHYSICAL STUDY OF STEREO SLIDE 
ALIGNMENT 


M. R. Goff* 


ABSTRACT 


A group of fifty-one people rated stereo slides for visual comfort in a stcreosce 
anism permitted one cepa of each pair to be moved vertically or rotat 
om settings of cach slide were judged by cach poe 


Many ran 


pa t to the other 


im ivedual 


tolerate and features relating to the normality of his vision 
experience, fatigue, type of slide, and viewing sequences affected pete comfort 
This information is presented in a series of graphs, and some of the implications to the indivi 


tion on whether 


industry are discussed 


().. ov the major factors which influence an ob- 
server's acceptance of a stereo slide is the amount by 
which an image on one wesw vont is displaced verti- 
cally with respect to its homologous image on the other 
transparency.’ Horizontal displacement is much less 
critical. One not familiar with this fact can easily 
convince himself of its validity by first cucting a standard 
cardboard stereo mount in two halves, along a vertical 
center line By removing, say, '/s-inch of material 
parallel to the cut line, and re-assembling the slide with 
the two transparencies '/, inch closer together, it can 
be shown that comfortable viewing has been retained 
If, however, the two halves are re-assembled with a 
vertical displacement of one transparency with respect 
to the other of '/s inch (1.c., bottom line of one half- 
mount that distance below bottom line of other half- 
mount), the average observer will be unable to fuse the 
picture in a hand viewer 

As vertical misalignment increases from zero, viewing 
comfort decreases until, as in our example, a normal 
observer finally sees a double image. Camera, film, 
filters, mounting, and viewer can all contribute to this 
misalignment. In addition, imperfect vision may alter 
an observer's range of acceptable alignment by introduc- 
ing subjective errors.** The work described in this 
paper is a basic study of the dependence of observer 
acceptance on vertical misalignment, regardless of cause, 
and for hand-held viewing only 

The continuing growth of color photography con- 
stantly brings new organizations into the business of 
processing and mounting transparencies. This brings 
the dithcult problems of mounting stereo color trans 
parencies to photofinishers who have never before had 
to consider such factors. Manufacturers of cameras, 
filters, close-up attachments and viewers, as well as 
those who provide mounting services, should fully 
appreciate the narrow tolerance im vertical alignment 
which the average person has; how far from average a 
single individual can be; and how equipment and 
services other than their own can affect acceptance of 
their product. Perhaps such a quantitative understand 
ing can lead to agreement through standards association 
action on tolerance limits for each product. In the 
absence of such standards, a manufacturer needs informa- 

* Manufacturing Experiments Division, Eastman Kodak Company, 


Rochester 4, New York. Presented at the PSA National Convention 
in Boston, Massachusetts, 8 October, 1955. Received 16 March, 1956 
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weferences showed how consistent cach observer was, how muc 


A precision mech- 
known amounts with 
Examination of 
displacement he could 
Study of average preferences gave informa- 


ual and to 


tion upon which to base his decision as to how complete 
his line of equipment and services should be: (i.c., how 
many of the possible variables he should keep under his 
own control) 

An individual owner of stereo equipment and slides, 
especially if he does his own mounting, may wish to 
apply some of the information given here to his personal 


pre »blems 


Alignment Factors in Stereo Photographs 


Camera, Filters, etc 

The two aperturest of a stereo camera must be cor- 
rectly separated and correctly aligned with respect to 
both the lenses and the film. Their horizontal spacin 
helps determine the position of the ‘window’ 
affects depth judgment to some extent.‘ The vertical 
positioning of the apertures, by itself, is unimportant 
if differences are of a low enough magnitude to be 
covered by the apertures of the mount. If the camera 
does not transport the film uniformly, frame lines may 
overlap and cause cutting difficulties. Those problems 
are outside the scope of this report. However, any 
situation in the camera which alters the distance of one 
or both homologous points from the film edges will be 
of concern because the film edge is a very practical 
reference line for stereo mounting work 

A condition of the camera which causes one lens to 
place its image above or below that of the other lens due 
to imperfect alignment of their optical axes is such a 
situation. Another is the wedge effect in filters. Stull 
another involves the film advancing and position mecha- 
nism and the clearance between the film edges and the 
film guiding mechanism. Where there is appreciable 
clearance between film and guides, an advancing and 
positioning mechanism which pulls the film to one side 
will cause error by cocking it slightly. Imperfect 
—— of auxiliary close-up lenses can cause very 
arge crrors 

By using well-defined images in any stereo pair and a 
traveling microscope type of measuring device, anyone 
to whom this information is necessary can find out how 
his own camera behaves in this respect. The degree to 
which his lens axes are aligned initially is controlled by 


t Here the word aperture is used to denote the opening in the back of 
ct 


the camera (in its function of masking) which determines where the 


picture area will be 
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cost of manufacture and quality control. Mishaps may 
later alter the alignment. 


2. Mounting 

Assume that the transparencies to be mounted have 
been produced in a perfect camera and that homologous 
points are at equal distances from the film edges. The 
effects which improper mounting can cause in a stereo 
pair may be briefly considered as follows. Figure 1 
shows four types of misalignment. These types of mis- 
alignment can arise from causes other than poor mount- 
ing, but they can be explained most simply at this point 

Figure la shows what is called vertical translational 
misalignment or uniform “‘dipvergence.’’ Every point, 
A., in the perfect stereo pair is higher than its homol- 
ogous point, Ag, by the amount D. Center points, C, 
are no different from other points. 

Figure 1b shows the simplest rotational case, in which 
only one transparency is rotated about its center, Cy. 
Here, with no accompanying vertical translational mis- 
alignment, the worst places are in the extreme corners 
of the transparency, as at A. 

Figure lc shows both transparencies rotated in the 
same direction. Each point is dropped or raised the 
same amount as its homologous point, even at the outer- 
most corners visible, points A. 

Figure 1d shows the effect of rotating the transparencics 
about their centers, C, in opposite directions. Here 
point A, is raised in the left transparency and its homol- 
ogous point, Ax, is lowered in the right transparency 

Variations of these types of misalignment are possible, 
including simultaneous rotation and translation. When 
rotation is added to translation, it causes less total 
misalignment than an equal amount of pure translation 


if measured by greatest vertical oe between any two 


transparency corners. This is true because points on one 
side of center are always rotated into better vertical 
alignment 

Anyone who mounts stereo slides without perfectly 
aligned reference surfaces against which the tops or 
bottoms of the transparencies can be rested while they 
are fixed in position must cope with this problem. 


3. Viewer 

One lens of a hand viewer may be not aligned properly 
with respect to the other lens and with the base against 
which the slide is aligned. In some viewers there are 
small projections which locate the bottom line of the 
slide. In other viewers the bottom line of the slide rests 
directly against the bottom of the slot which holds it 
If the viewer has misalignment which makes the slide 
appear to be misaligned, the effect upon the observer is 
just as marked as is slide misalignment itself. This fact 
was recognized in the present work by making 
corrections for viewer misalignment. It is, of course, 
necessary for the slide to be seated correctly in the 
viewer 

If one places a shim under one end of the mount, he 
can simulate a viewer misalignment. (Likewise, a slide 
which has an undesirable amount of vertical misalign- 
ment can be corrected in large measure by filing its 
bottom in such a way as to bring images on the “high” 
transparency down to coincidence with images on the 
‘low’ transparency. A traveling microscope or a cali- 
brated projector can be used to measure alignment. If a 
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Fig. 1. Four types of misalignment of stereo pairs. 
(a) Vertical translational misalignment, (b) single 
rotation, (c) double rotation in same direction, fa) 
double rotation in opposite direction. 


projector is used, neither horizontal nor vertical con- 
trols should be moved after the vertical alignment has 
been adjusted with the standard slide. In addition, the 
slide carrier must be set in the same way cach time it is 
used, ) 


4. Observer 

An observer who has sight in only one eye must make 
all of his depth judgments on the basis of monocular 
cues only. Stereo photography is unnecessary for him, 
because his judgments are based on factors such as the 
known size of objects and their appearance with dis- 
tance, overlap, shadows, etc 

With binocular vision, there are still factors which 
limit the enjoyment of stereo photography. One of these 
is the possession of a vertical phoria. This defect is the 
tendency of one eye to turn up or down in relation to the 
other.* 

Obviously, if an observer has a vertical phoria, he will 
find it casier to accept a sterco pair which is misaligned 
with one transparency low (in accord with his phoria) 
and more difficult to accept with the other transparency 

* In technical language, the tendency of the right eye to deviate up 
in relation to the left eye is called aright hy perphoria or a left a 


These terms can be altered to describe the tendency of the left eye to 
deviate up in relation to the right cye: ¢.g., left hyperphoria, 
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low. The existence ot these phorias will narrow the 
average range at a given very high level of percent 
acceptance. Some — will cut the range on she plus 
side, and some will cut it on the minus side of the mis- 
alignment scale, where observers with equal range but 
without vertical phorias would accept all settings 

Some observers are able to fuse images comfortably 
over a very wide range of alignment (both horizontal and 
vertical), even allowing their eyes to diverge. And, of 
course, there are wide differences in the consistency with 
which various observers form their judgments. It should 
be mentioned here that no consistent observers were 
found during these experiments whose range of accept- 
able misalignment was so small and whose vertical 
phorias were so large that a perfect setting was not 
comfortable 

A number of people had to be allowed to rate the 
slides to get a representative cross-section of our potential 
stereo customers 


Experimental Procedure 


An ideal experiment to find out how stereo slide align- 
ment affects the average person's comfort of viewing 
could be imagined to follow several different plans 
Each would involve some way of presenting many slides 
with known and varying degrees of misalignment to a 
large group of people im a well-aligned stereoscope 
There will be a limit to the number of slides cach person 
can look at, both because of fatigue and because of test- 
ing time and cost 

The first plan tried in preliminary tests used a large 
number of different cardboard-mounted slides, deliber 
ately misaligned to varying degrees. Consistent results 
were not secured in this experiment. Each scene was 
presented at only one or two different degrees of mis 
alignment, so it was not possible to determine from the 
data whether inconsistency arose from differences in 


Fig.2. Adjustments on stereo mount, not visible to the 
observer, which indicate the intentional misalignment 
of stereo pairs. 
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slides, in observer range, in observer consistency, or 
from other causes. The difficulty of producing just the 
degree of misalignment in cach slide needed to get a 
complete set suitable for answering the questions raised 
caused this method to be abandoned in favor of the next 
plan tried 

The second plan used a smaller number of stereo 
transparency pairs held in an adjustable mount. This 
mount could be adjusted quickly to give the trans- 
a of any pair a wide varicty of misalignments 
Since it could either raise or lower one transparency 
with respect to its mate, its use permitted a much more 
complete analysis of the data from a small number of 
precision measurements. This is the plan which will be 
described. 

Since the exact method of administering an observer 
reaction test of this type is often vital to the results, 
complete experimental details will be given. 


1. Adjustable Stereo Mount 


The side of the adjustable stereo mount which was not 
visible to the observers who rated the slides is shown in 
Figure 2. The actual width of the mount is 4 inches, 
the same as that shown for the five perforation format 
mount in American Standard PH}3.11-1953 

Movement of the lever, A, in Figure 2 to the lefr, 
lowers the observer's right-cye transparency, R. Move- 
ment of A to the right raises R. Each of the smallest 
divisions on the scale, B, represents 0.005 inch travel of 
R. With 44mm viewing lenses, this equals 10 minutes 
of vertical misalignment or of uniform dipvergence 
The cight divisions, plus or minus, on B therefore 
represent 0.040 inch of travel of R. The next two 
(lighter) marks some distance to left or right of the 
scale represent an additional 0.020 inch of travel of R 
The im eye transparency can thus be moved cither up 
or down 0.060 inch 

Movement of the lever, C, to left or right moves the 
observer's left-cye transparency, L, rotating it about its 
center. Movement of C to the left produces clockwise 
rotation, as seen by the observer. Movement to the 
right produces counter-clockwise rotation. The scale, 
D, is also set up so that cach of its smallest divisions 
represents a change of 0.005 inch. Here one corner 
drops 0.0025 inch, and the opposite corner rises 0.0025 
iach, transforming rotational motion into a similar 
translational equivalent. Scale D also shows 0.005 inch 
intervals, plus or minus, to 0.040 inch and then a 0.020 
inch jump to 0.060 inch. In addition, the extreme 
limits of the scale are marked and represent + 0.075 
inch from the center 

The arm, E, introduces enough friction into the 
movement of A so that the right-cye transparency 
carriage (not shown) does not move under the force of 
gravity when slightly jarred. Enough friction was left 
in the circular seating surface, F, between the left-cye 
transparency carriage, G, and the stationary base, H, so 
that a similar arm ts not needed on C 


2. Measurements on Viewer, Adjustable Stereo Mount 
and Individual Transparencics. 
By using a double collimator furnished by the Hawk- 


Eye Works it was determined that the right lens of the 
hand viewer used in these experiments looked down 
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Fig. 3. Rating sheet used in conjunction with the 
adjustable stereo mount. 


0.004 + 0.001 inch, the slide with the best reference 
points giving a value of 0.005 inch. 

Use of a traveling microscope type of instrument 
showed that the zero point of the translational scale of 
the adjustable stereo mount was within 0.001 inch of 
dead center, and that the 0.005 inch intervals marked on 
the scale and the total motion of + 0.040 inch were 
correct to + 0.0005 inch. The extreme positions of + 
0.060 inch were within + 0.001 inch he rotational 
scale was accepted as manufactured from the designer's 
calculations. The uncertainty in transparency seating 
was estimated to be of the order of 0.001 inch, maximum 
Measurement on the cight slides used in the tests with 
the adjustable mount showed differences of homologous 
point distances from transparency bottoms ranging from 
0.000 to 0.0035 inch. Infinity points were not available 
in all slides and even sharp points at moderate distances 
were unavailable in some of the O set of slides. There 
was the choice of using all sharp, casily measurable 
slides or of using the wider variety of slides originally 

lanned, with some attendant loss in precision. The 
ene course was chosen and it was concluded that 
corrections for individual slide variations could not be 
made with an accuracy to warrant theiremployment. It 
will be seen that the method of use of ie adjustable 
stereo mount is such that small errors will be minimized 
by averaging plus and minus settings 

Rapid scale settings to better than 0.001 inch were 
relatively casy, and all settings were approached from 
the right side to minimize any play which might develop 
in the mechanism during use 

The focal lengths of the lenses in the viewer used were 
measured and found to be between 44 and 45mm 


3. Rating Sheets 
Figure 3 is one of the “‘raw’’ data sheets from the 
adjustable stereo mount rating tests. Four of these 
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sheets were stapled together before a test. Each had the 
slide number in the upper right-hand corner, and the 
sheets were in the order in which the slides were to be 
shown to the observer. (The observer's name has been 
covered.) The number at the top left of the sheet is the 
observer's number. In this case he was the second person 
tested. Following his number is the rotational-trans- 
lational sequence. Here all slides were shown first with 
variations in the rotational settings. Then they were 
shown in the same order with variations in the trans- 
lational settings. The circled number under the ob- 
server's name » Aan the order in which this slide was 
observed. This was the second slide viewed by this 
observer. The ‘I’ before the observer denotes that this 
man was classified as an intermediate in stereo experi- 
ence. The letter B was used to denote a beginner, and 
E, to denote an expert. At the bottom of the sheet are 
spaces for the initial of the tester, date, viewer used, 
and remarks. In most cases, times of cach section of the 
test were recorded. They were not recorded completely 
in Figure 3, the single time showing only that the rating 
was done about mid-mornin The two checks in 
square 0,0 at the center are identified by the ‘‘T" for 
the translational portion of the rating and by an "'R” 
for the rotational portion 

Each column of the data sheet represents variations 
in the rotational setting at a fixed translational setting. 
Marks in the column used, the O column, thus show 
the acceptance at no translational misalignment but at 
various rotational settings (as introduced by the adjust- 
able stereo mount any in the alignment of points 
in the picture with respect to the film edges or in the 
viewer are superimposed.) As an example, take the 
settings shown in Figure 2. The photograph shows the 
translational scale set at the center, zero, and the rota- 
tional scale set at minus 2. The designation of this 
setting would be 0, —2, and the data sheet, Figure 3, 
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Photographic subjects used in the tests. 
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shows a check mark denoting an acceptance by the 
second observer for slide 2A. The * M figures at to 
and bottom of this column represent the 0.075 cw 
rotational settings mentioned before. A cross, as at ~—M, 
represents a rejection 

It should be emphasized that the twenty-one different 
rotational settings used were presented to cach person 
in a random sequence. The same ts truc of the seventeen 
(or nineteen) translational settings. The randomization 
was an important part of the experiment, and yet it can 
casily be forgotten when looking at the regular accep- 
tance pattern of a data sheet a pager undue empha- 
sis on any specific situation, such as a borderline setting 
immediately following a completely unacceptable set- 
ting of the same sign or direction (which might dispose 
the observer to greater acceptance of the borderline 
setting 

Each row of the data sheet represents variation in the 
vertical translational misalignment of the sterco pair 
introduced by the adjustable mount at a fixed rotational 
alignment. Thus, the —6,0 box represents a — 
of the right-eye transparency 6 units (nominally 0.030 
inch) below the left-eye transparency. Since the viewer 
used was found to have a —0.005 inch misalignment of 
its own, the true translational misalignment (assuming 
a perfect slide) would be —0.025inch. This setting was 
rejected by this observer. The setting representing 
+0.025 inch, however, +4,0 was accepted. This situ- 
ation indicated the presence of a vertical phoria in the 
eyes of the observer, with the right eye Seolitie up 

The completed data sheets of an observer show almost 
at a glance how consistent that observer was at the time 
of rating. Reference to the translational acceptance 
row of Figure } shows that the observer rejected settings 

& through —6, was doubtful at —5 and —4, accepted 

3 through +4, was doubeful at +5 and +6, and 
rejected at +7 and +8. This is the normal pattern of a 
consistent observer. Reference to the rotational accept- 
ance column of the data sheets shows a less well- 
defined acceptance pattern. This is normal, also, and 
there will be more discussion of both areas later in the 
paper 

rom additional records kept on the observers, the 
random sequence of settings used with each can be 
determined 


4. Slides for the Adjustable Stereo Mount 

Kodachrome transparencies taken from cardboard- 
mounted 3$mm stereo slides were inserted in the adjust- 
able stereo mount. Two sets of four slides cach were 
rated by the various observers. They are shown in 
Figure 4. Each observer rated cither the O set or the N 
sct 

Each set of slides has a wide varicty of subjects as 
regards ae, presence or absence of straight lines, 
type of subject, etc. Some of the O slides were not 


completely sharp. The N slides were more representative 
of the work of the advanced amateur, while the Oslides 
came closer to being the casual snapshot type 


5. Rating Procedure with the Adjustable Stereo Mount 

The original plans called for the presentation of 
various settings of cach slide to the observer with no 
comment other than the request that he rate the setting 
as “accept,” “‘reject,’’ or “‘question.”’ Practical experi- 
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Fig. 5. Data obtained from fifty-one observers. 


ence, however, soon showed chat it was desirable to 
introduce the rating problem to the observer in more 
detail. It was found that this could be done in such a 
way as to anticipate most of the questions which arose 
in the minds of both inexperienced and experienced 
people by the following procedure 

a. At the time of the original request to an observer 
to rate a slide set, the assignment was explained bricfly. 

b. At the start of the rating test the first slide was 
given to the observer with the adjustable mount set at 
0,0 in the hand viewer with the instruction, “‘On this 
first setting of the first slide, please adjust this interocular 
lever so that the setting is right for your own eyes and 
focus with this knob to suit yourself, so that further 
adjustment is unnecessary or at least will be at a mini- 
mum during the rest of the test."’ The exact wording 
varied somewhat with the experience of the observer 
and among the three testers 

c. After the adjustable mount had been set to the 
first position required by that observer's sequence and 
before the viewer was returned to him, these directions 
were given: “‘We would like to have you imagine that 
you have just received a box of your own slides from the 

ocessing laboratory and that you are looking at them 
es the first time lease look at cach setting of cach 
slide rapidly and accept or reject it on the basis of your 
first impression. 

“De base your acceptance on viewing comfort. 
Reject any setting which takes some time to fuse or 
which causes eyestrain. In other words, if you see two 
separate pictures at first or if you feel pain or pull in 
your eyes, reject the slide. If in doubt, rate the slide as 
“questionable.” 

‘De Not base your judgment on composition, color 
balance, or non-stereo arcas along the outer margins of 
the picture.” 

Again the exact wording varied somewhat with tester 
and with observer experience. However, considerable 
effort was taken to present a standard set of directions 
of the above form to all who rated the slides, without 
undue formality. 
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Rating time varied from less than one half hour to two 
hours. Since it was impossible to predict how much 
time a given observer would require, four appointments 
a day were made. Three different people conducted the 
rating tests. 

The observer sat across the table from the tester. A 
black cardboard mask attached to the viewer prevented 
the observer from seeing the position of any part of the 
mechanism used to change the position of cither trans- 
parency. A clip-board, with data sheets and setting 
sequence card, was held by the tester in such a position 
that none of the record was visible to the observer. 

The pair of transparencies os the first slide 
called for by the slide sequence drawn by the observer 
were removed from the slide box by the tester, who wore 
white cotton gloves. They were inserted in the carriages 
of the adjustable stereo mount, the front masking plate 
was put back on the mount, any lint was removed with a 
soft ani and the mount was put in the viewer, all in 
full sight of the observer. The tester then set both 
levers of the mount to zero and examined the slide to 
make sure the mounting was correct. 

The viewer was then placed upon the slide box (which 
served as a convenient stand ) facing the observer and was 
slid across the table to him with the instructions quoted 
under ‘'b,"’ above. After the observer had picked up and 
adjusted the viewer to his own satisfaction, the viewer 
was slid back across the table, the first setting was made 
according to the random sequence drawn by the observer, 
and the instructions poo under ‘‘c’’ were given before 
the viewer was again returned across the table to the 
observer. After cach acceptance or rejection, the tester 
recorded a check or a cross, respectively, in the proper 
box on the data sheet, received back the viewer, changed 
the setting, and returned it on the stand. Time was 
usually recorded at the beginning and end of each 
rotational or translational sequence of cach slide 
Remarks made then by the observer and other pertinent 
notes were recorded at the bottom of the data sheet 

Several precautions were observed in making scale 
settings. All settings were approached from the right 
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(to reduce the effects of any play in the mechanisms), 
and both scales were re-set cach time after referring to the 
sequence card (although only one scale was used at a 
time, as explained previously) so that no bias could be 
given to the observer. 

Questions asked by observers during the test which 
pertained to the action of the alignment mechanism 
were deferred to the end of the test. Other questions, 
discussion of phases of stereo photography, onl remarks 
on the test were freely deale with during the test and 
notes made on the data sheets where the material 
seemed pertinent 

It was requested that there be no smoking during the 
test to avoid any possibility of spurious eyestrain or 
smarting. 


Analysis of Data 


This experiment was designed to answer a variety of 
related questions about observers, slides, and kind of 
misalignment, as well as the main question of variation 
in average observer acceptance level with translational 
misalignment, It is concerned with rhe effects of changes 
of only a few thousandths of an inch on what people like: i.c., 
subjective judgment is being invited to gwide precision 
tolerances. Obviously, a very accurate curve is required 
if manufacturing decisions are to be based on it. And 
just as wrervem to produce such a curve it must be 
known whether the test has simulated the most im- 

wtant misalignment situations; whether the observers 
~ made reliable judgments, whether their experience 
in stereo viewing or the test procedures have influenced 
their acceptance; and whether their acceptance curve is 
normal in the statistical sense. A question which 
cannot be answered with complete satisfaction now is 
how well the people surveyed represent the entire 
population 

I only one of the tests with the adjustable stereo 
mount were translational and rotational misalignment 
deliberately combined to all the various degrees possible 
with this equipment. Except where stated, percent 
acceptance was calculated on the basis of full accept- 
ances only (questions treated as rejections). In all 
parts of this section except that on normality of dis- 
tribution of results equivalent plus and minus ratings 
were averaged. Thus, small misalignments in the slides 
tended to cancel out, 

Misalignments will be listed in mils (0.001 inch). 


Translational vs. Rotational Misalignments 


Figure § shows how all fifty-one observers surveyed 
rated their slides in both translation and rotation, and 
Figure 6 shows how the twenty-seven most consistent 
observers (see part 2 of this section) rated their slides in 
these two respects. A few of the values from these 
figures are summarized below: 


Number of Mils of 
Acceptance Misalignment Accepted 
Observer Group Level “% Translation Rotation 
All fifty-one 21 
47'/s 
29'/s 
52 


Twenty-seven most consistent 
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It is obvious that a given level of acceptance can be 
secured in translation at about one-half the misalign- 
ment required for it in rotation 

The geometry of rotational misalignment was shown 
to be such that a maximum amount of misalignment 
exists if the two transparencies rotate in opposite 
directions. In fact, if cach rotates an equal amount, 
twice the misalignment introduced by our adjustable 
stereo mount would result in the extreme corners. The 
extreme corners are not visible, so one might expect 
slightly more than twice the translational misalignment 
to be tolerable in rotation on the basis of geometry 

Another way to cxamine this idea is to compare the 
translational acceptance level at a given misalignment 
with the rotational acceptance level at twice that mis- 
alignment. Such a comparison is shown below for the 
twenty-seven most consistent observers (whose curves 
originate at 100%) acceptance ) 


Translation Rotation 


Misalignment Acceptanc: Misalignment Acceptance 
Mil ‘ tls ‘ 
5 ” 10 
20 
15 BA sy! 
6 40 
4) \4 
Here it can be seen that the rotational acceptance is 


slightly higher chan the translational acceptance through 
15 mils translation or 30 mils rotation. Although the 
rotational acceptance in the lower ranges drops more 
rapidly than the simple geometric picture would indicate, 
the agreement in the upper acceptance ranges is good 
enough so that there seems to be no need to reconsider 
rotational misalignment in all the various aspects for 
which translational misalignment will be examined in 
the paragraphs which follow. The variation in amount 
of vertical misalignment with distance from center of a 
slide in the case of rotational misalignment probably 
leads to some confusion in rating 

A supplementary test using four of the most consistent 
observers encountered during the first third of the regular 
rating test was set up to evaluate the effects of combined 
rotation and translation The single slide chosen, 
number 3H of Figure 4, has a prominent object in the 
lower left corner (the E of the weather vane) 

With rotation superimposed upon translation with 
this slide, clockwise rotation adds to downward trans- 
lational misalignment of the E (—, quadrant of the 
rating sheet according to the convention) Counter- 
clockwise rotation adds to upward translational mis- 
alignment of the E (+, + quadrant In all cases, of 
course, the transparency center misalignments are fixed 
by translation alone 

The results showed percent acceptance to hold steady 
in the quadrants where rotation does not add to mis- 
alignment of the E as compared to pure translational 
They also showed percent acceptance to 
and +, + quadrants 

translational mis- 


misalignment 
drop ten to fifteen units in the 

where rotation docs augment 
alignment at the E 


the 
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That test is considered to be a very sensitive con- 
firmation of the fundamental equivalence of translational 
and rotational misalignment. 


2. Observer Consistency 

A little has already been said about observer con- 
sistency. One contribution the adjustable stereo mount 
made to misalignment tolerance testing was the case 
with which various degrees of consistency could be 
evaluated. In this paper, results from observers at three 
levels of consistency have been analyzed. One group ts 
composed of all fifty-one observers used, regardless of 
consistency. The next, slightly more select, group con- 
sists of the forty-seven observers remaining after the 
four least consistent observers were climinated. The 
most sclect group consists of the twenty-seven most 
consistent observers. Division into the three groups 
was made according to the rules given below. These 
rules may seem rather arbitrary, but they led to a 
surprisingly clear-cut division of observers 

The four least consistent observers were those who 
showed cither more than five inconsistencies or more 
than twenty-five questions on their translational records 
alone. An inconsistenc y Consists in a rejection (X) in an 
area where the bulk of the data on that particular data 
sheet show the observer should have accepted (¥/), or 
vice versa. Half an inconsistency consists in a question 
(?) where the record shows a rejection or an acceptance 
should be, or cither a rejection or an acceptance in a 
region which should have been questioned. The 
rational arrangement which results in a minimum of 
inconsistencies was chosen 

More criteria were used in the selection of the twenty- 
seven most consistent observers. Any observer who had 
more than two inconsistencies or more than seventeen 
questions on the four sheets of his translational record 
or who had a rejection or more than two questions in 
the middle five blocks of his four rotational records was 
eliminated 

Some of the advantages of using the group of twenty- 
seven most consistent observers will have become 
obvious already. Figure 6 shows that both their trans 
lational and rotational acceptance curves can start from 
one-hundred percent acceptance at no misalignment 
This, in itself, is evidence that the observers get a clear- 
cut reaction to the main variable. They know when 
they are viewing comfortably with considerable certainty 
Although not shown, experimental points for the 
twenty-seven vary less from the average acceptance 
lines than do those of all fifty-one observers. More 
accurate curves can be drawn. The analysis of their 
rotational acceptance shows somewhat closer agreement 
with what might be expected from geometrical con- 
sideration. These are mainly indirect indications 

In addition, the twenty-seven most consistent ob- 
servers constitute a rather well-balanced group. Four- 
teen rated O slides, and thirteen rated N slides. There 
were nine observers cach of beginners, intermediates, 
and experts. In terms of the translation-rotational 
sequences used, cight viewed all slides first in translation, 
five viewed all slides first in rotation, seven viewed 
each slide first in translation and then in rotation, and 
seven viewed cach slide first in rotation and then in 
translation. The proportion of women is low (15%), 
but it is about the same as that among all fifty-one 
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observers (18°), ), indicating no strong selective tendency 
due to sex 

The progressive effect on translational acceptance of 
more and more consistent observers will be seen by 
comparing the best line averages shown for fifty-one 
observers vs. forty-seven vs. twenty-seven in Figure 7. 
One would expect that the completely random rejections 
by an observer who does not see in true 3-D would 
account for a lower acceptance at near-perfect settings 
and for higher acceptance at very low misalignment. 
This is the situation shown in Figure 7. 

A larger group has a better chance of being representa- 
tive of the general population. The advantage of using 
all fifty-one observers instead of the forty-seven normal 
and consistent people is, of course, more than compen- 
sated for by the inconsistent and indecisive judgments 
rendered by the four ‘‘least consistents."" The numerical 
advantage of using the forty-seven over the twenty- 
seven is more pronounced. It was considered necessary 
to examine the two groups in more detail 

To decide whether there was any fundamental dif- 
ference in range between the groups of forty-seven and 
twenty-seven observers, the data were analyzed for the 
effects of indecision as well as of inconsistency. Figure 
7 shows the group of forty-seven to be lower in the 
regions of high acceptance and higher in the regions of 
lower acceptance. This, as was stated above, is what one 
would expect from random inconsistencies. Figure 8 
shows how the twenty-seven most consistent people 
compared with the twenty normal people when indeci- 


100 


(%) Acceptance 


20 40 
Misalignment (mils or in.) 
Fig. 7. Observer consistence and acceptance of 
misalignment: -——27 most consistent observers; 


—_————-—“@F7_ consistent and normal observers; 
~--~~-all $1 observers. 
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Fig. 8. Data from 27 consistent observers -O-O-0 and 


20 normal observers with indecisions 
scored as acceptances. 


sion was climinated by scoring questions as acceptances 
to remove the ‘‘not sure’’ area. As will be seen, the two 
groups were almost identical in the regions of high 
acceptance and were close enough throughout to warrant 
drawing a single curve 

For these reasons, most of the curves shown in the 
remainder of this report will be for the consistent group. 


3. Stereo Viewing Experience 
Approximately one-third of the observers who rated 


slides were from cach of the three experience categories: 
beginners, intermediates, and experts. The dividing 
line was as follows: 

Beginners were those who had looked at no stereo 
slides in the hand viewer or, at the most, several slides 

Intermediates were those who had looked at several 
sets of stereo slides in a hand viewer 

Experts were those whose interest in stereo photog 
raphy had been great enough so that they had engaged 
in it as a hobby or those who had viewed many stereo 
slides in connection with their work 

Figure 9 shows that the twenty-seven most consistent 
observers show no definite trend with experience. There 
were nine observers in cach category, and the beginners 
and experts gave fairly similar records. The interme- 
diates proved to be most distinctly different. They are 
also a somewhat less consistent group, with less than 
one-hundred percent acceptance at zero misalignment 

The data for all fifty-one observers (16 cach beginners 
and intermediates and 19 experts) also show a trend to 
lower acceptance by intermediates, with beginners and 
experts more nearly alike and with higher acceptances 
than intermediates at any misalignment 

It was concluded on the basis of these few tests that 
there was at least no marked trend in acceptance pattern 
with experience in viewing hand-held stereo 


4. Order of Viewing Slide (Fatigue) 
Many people had expressed the view that fatigue 


would lower the acceptance level on successive slides 
On the other hand, there was the distinct possibility that 
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Fig. 9. Twenty-seven most consistent observers show 
no definite trend attributable to experience. 


skill in viewing might affect the acceptance range in 
either way: the observer might be able to tolerate more 
misalignment or he might become more discriminating 
and reject more 

Figure 10 shows no definite trend in cither direction, 
so a single line has been drawn 


5. Type of Slide 

If the acceptance figures are plotted for the twenty- 
four observers who rated the O slides separate from those 
for the twenty-three observers who rated the N slides, 
there is no clear-cut distinction. Acceptance averaged 
lower for the O slides in the middle range (twenty to 
forty-five mils) but was almost identical at both the 
extremes of good and bad alignment 

A somewhat similar plot results when the ratings by 
the twenty-three observers who looked at N slides are 
graphed for slide S-1, taken at two and one-half feet, 
fod § 4, taken at ten feet. Here there is a middle range 


where the more distant slide receives a lower a 
c. 


acceptance. Again, the extremes are indistinguishab 
Thus, closeness does not seem to be a major factor 

A third division which comes under slide type can be 
made: this involves the presence or absence of prominent, 
straight, horizontal lines which extend to the picture 
edge. To test this idea, a pair of slides il'ustrating cach 
case was chosen from each set of slides. Thus, all 
forty-seven observers looked at a slide of cach type, 
whether it was one of the O or one of the N slides 
Data from translational acceptance showed a possible 
trend to lower acceptance with such lines present. 
Rotational acceptance data showed a sttong trend 
toward this situation. However, the largest difference 
indicated, about three percentage units, is very small 

There seems to be little average effect by type of slide. 


6. Translational-Rotational Sequence of Viewing 
Acceptance data from the forty-seven consistent and 
normal observers were separated into the four groups 
(a) All Slides looked at first with variations in trans- 
lational alignment 


so 


(b) All slides looked at first with variations in rota- 
tional alignment. 

(c) Each slide looked at first with translational align- 
ment variations and then with rotational alignment 
variations before proceeding to the next slide. 

(d) Each slide looked at first with rotational align- 
ment variations, then with translational, before pro- 
ceding to the next slide. 

There were eleven observers in group (a) and twelve 
observers in cach of the other three groups. The aver- 
ages of cach group were graphed 

The results showed no clear-cut separation by group. 
It is believed, nevertheless, that the randomization of 
this factor and others which did not produce definite 
patterns is worthwhile for tests of this sort. 


7. Individual Variations in Acceptance Range 

Figure 11 shows how widely two observers varied in 
their tolerance for translational misalignment. Both of 
these people were very consistent. Bach question has 
been scored as one-half an acceptance 

It can be seen that observer number 40 has a very wide 
tolerance, accepting all settings on all four of his slides 
out through 0.045 inch misalignment. Observer number 
51, on the other hand, accepted less than one-hundred 
+g of his settings even at 0.010 inch. By 0.030 inch 

¢ found nothing comfortable 
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Fatigue and acceptance of translational 
) first slide viewed, (©) second slide 
slide viewed, (@) fourth slide viewed. 


Fig. 10. 
misalignment: ( 
viewed, (A) thir 


Although the two cases represent the extremes, they 
are well to bear in mind when interpreting data from 
small numbers of observers. Obviously one of these 
individuals could cause quite a measurable shift in aver- 
ages if included in a small group. 

The records of these people also show the wide vari- 
ation in individuals the stereo manufacturer may be 
called upon to please. 


8. Normality of Distribution of Data 


Figure 12 shows how acceptance data from the 
adjustable stereo mount compare with normal distri- 
bution curves. The number of acceptances is plotted 
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on misalignment, after correction for viewer mis- 
alignment but before the combination of acceptances for 
plus and minus values of misalignment. 

The curves drawn in Figure 12 are those defined by 
the equation: 
y= ke ats? 


For the top curve, the values of the constants used were 
k= 204 and h=0.0326. The experimental points with 
which it may be compared are those for all fifty-one 
observers. It will be seen that the ‘“best"’ curve through 
the experimental points would be broader and flatter at 
the top and shifted a small amount to the right. This 
could indicate that the data were over-corrected for 
viewer misalignment 

The lower curve was drawn using values of the con- 
stants of k=108 and h=0.0326. The experimental 
points are those for the twenty-seven most consistent 
observers. Here, again, a slight shift of the experi- 
mental curve to the right fetes , indicated. The most 
consistent observers show the same type of symmetrical 
curve, rather broad and flat at the cop, as do all observers. 
However, their acceptance at zero misalignment comes 
closer to the theoretical of 108 acceptances in 108 ratings 

Both sets of data are reasonably normal for the prob- 
lem in hand, and the average vertical phoria of either or 
both groups of observers could affect the zero position of 
the curve as well as a viewer, slide, etc., correction 
The data were, therefore, not corrected on the basis of 
this treatment. Since the distributions can be con- 
sidered normal, the simple averaging of acceptances for 
plus and minus values of misalignment will lead to very 
accurate values of percent acceptance in the range of § 
mils through 35 mils, and the drawing of a smooth 
curve through all points beyond this region will further 
decrease possible errors 


9. Selection of the Best Curve 

In the foregoing analysis of the data, an attempt has 
been made to present the most important points which 
influence picking a “‘best’’ curve 

First, it was shown that the similarity between trans- 
lational and rotational vertical misalignment expected 


Fig. 11. Extreme of individual variations in accept- 
ance of misalignment among $1 observers. 
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Fig. 12. Normality of distribution of misalignment 
data. The upper curve is for all $1 observers, the lower 
curve for the 27 most consistent observers. 


theoretically was found experimentally. Translational 
misalignment was picked as the more desirable means of 
measurement. Next it was shown that the most con- 
sistent group of observers gave best results because they 
were more accurate and certain of their comfortable 
range of viewing, without differing in their average 
tolerances to misalignment from the ‘‘normal’’ 
servers. 

Factors such as experience in viewing stereo, fatigue, 
type of slide, and translational-rotational sequence of 
viewing were found to have little effect upon the average 
results. Since care was taken to vary such factors within 
the test, there is considerable assurance that any small 
effects based on these factors have been canceled wa 

Finally, it was shown that the distribution of the data 
is reasonably normal in the statistical or mathematical 
sense. 

The remaining questions seem to be these: 

(a) Is the rather small group of people worked with 
adequate to represent the general population? 

(b) Should a question mark be treated as an accep- 
tance, as a rejection, or as half an acceptance? 

Ic seems safest, in view of the wide variations we have 
found among individuals, to regard the present results as 
preliminary. And the compromise solution of counting 
a question as one-half an acceptance seems reasonable. 

Figure 13 is therefore presented as the best preliminary 
curve of average viewing comfort as iefuenend by vertical 
misalignment. It differs from the translational results 
shown in Figure 6 only in that it gives some weight to 
questions. 

To transform results shown by Figure 13 from 
thousandths of an inch to minutes of misalignment, 
multiply by two. This is the approximate relationship 
for the viewer used, which has 44mm lenses 


Significance of the Acceptance Curve 


Figure 13 is for hand-viewed stereo, as pointed out 
before. 
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Consider the case of a manufacturer of stereo equip- 
ment who has decided that he wishes to please ninety 
percent of all potential customers. If the above data 
prove to be valid after further testing, his total tolerance 
is about 17 mils (0.017 inch) with 44mm viewing lenses 
or 34 minutes. This means that his camera, his viewer, 
his fileers (if used), and his mounting service must divide 
these 17 mils or 34 minutes in such a way that this 
total tolerance is held 

Conversely, a manufacturer may already have exten- 
sive measurements on his products, and he may wish to 
know what percentage of the public his goods and 
services can be expected to please. It will be easy to add 
maximum misalignments, of course, but this will furnish 
little basic information. A statistical analysis of the 
misalignment distributions in their relationship to the 
type of acceptance curve presented in this report is 
needed 

If more than one manufacturer is involved in the 
sequence of operations which produce a slide, the prob- 
lem becomes one for standards consideration. Not only 
must some division of the total observer tolerance be 
made among the various items of equipment and service, 
but even the level(s) of acceptance desired must be agreed 
upon. Perhaps, A, B, and C levels would be necessary, 
leaving the consumer to decide which range was satis- 
factory for his use 

The individual has a somewhat different problem, that 
of checking and controlling his own work. His checking 
may well start with his own cyes: among other things 
his optometrist or ophthalmologist can tell him the 
magnitude and direction of any vertical phoria present. 
Although space does not permit covering the various 
simple means available for checking camera, viewer, and 
mounting, it should be mentioned that a person with no 
vertical phoria can shim his viewer to almost zero mis- 
alignment by visual observation of a well-aligned slide 
A stereo projector can also be used to estimate misalign- 
ment if a well-aligned slide is available to set the pro- 
jector. A carefully scribed blank slide can serve this 
purpose. The lines should extend across both trans- 
parencies and must be parallel to the same edge of the 
slide used to seat in the projector 
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Conclusions 


1. The acceptance range of only a limited number of 
observers has been studied. The average results secured 
should be treated as indicated, rather than as final, 
valucs 

2. The average observer has a very clear-cut reaction 
to stereo slides as their homologous images are moved 
out of vertical alignment. Over a narrow range he views 
with perfect comfort. With greater misalignment, his 
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Fig. 13. Reference curve of average viewing comfort 
as influenced by vertical misalignment. 


eyes have to work a little harder, and he is less certain of 
comfortable viewing. Then misalignment makes his 
eyes work definitely harder, until he can no longer fuse 
the images into a single picture. If a curve of percentage 
of comfortable viewing is plotted against thousandths 
of an inch of misalignment for a given viewer, a reversed 
S-curve results 

3. Discomfort from rotation of one transparency 
about its center is quite similar to that experienced as a 
result of moving one transparency up or down, —so simi- 
lar that it may be possible to explain the main quantita- 
tive differences on the basis of simple geometry 

4. The average observer's comfort of viewing was 
surprisingly free of influence from: previous experience 
in viewing stereo, type of slide, closeness of subject, and 
fatigue. Closest pt tom was two and one-half feet. 
Ratings were on different settings of four slides for each 
observer and took over an hour in some cases 

5. Wide variations were found in the amount of 
misalignment in a stereo slide which is acceptable to 
different observers. By securing complete test ratings 
from fifty-one different observers, a fair average was 
probably obtained. 

6. It seems inevitable that some division of the 
average observer's small tolerance to misalignment will 
eventually have to be made by standards association 
action. People who make cameras will have their few 
thousandths; slide mounters, their few thousandths; 
and viewer makers, their small range 

7. The test method used made it possible to distin- 
guish between consistent and inconsistent observers with 
considerable case. It was also possible to detect observers 
who favor a certain amount of misalignment and to tell 
whether they preferred the right transparency high or 
low. (Such an observer is said to have a vertical phoria. ) 
These factors facilitated the analysis of the data 

8. The percentage of female observers rating the 
stereo slides was low, 18%; but it remained almost the 
same (15°%) in the select group of consistent observers, 
indicating that very marked differences are not present. 
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9. The distribution of the acceptance data from the 
adjustable stereo mount was normal in the statistical 
sense. 
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CHARACTERISTICS OF THE NEW ANSCOCHROME TYPE 
PRINTON FILM 


John R. Kane* 


eee type Printon film is a reversal color 
—e material ne for single exposure printing 
t is particularly suited to production — as in color 
photofinishing. New Anscochrome type Printon film 
is the result of over ten years experience in manufacturing 
the previous type of Printon material. A continuous 
research and development program has been carried out 
during that time working closely with the independent 
color finishing industry. 

New Anscochrome type Printon film age the 
cumulative result of many improvements which, while 
not individually spectacular, together add up to a prod- 
uct engineered specifically for the independent color 
finishing operation. While many improvements have 
been made, the basic concepts of Printon film have not 
been changed. This is a consequence of the designing 
and planning which went into the original Printon film 
that was released for general use on November 15, 1945. 

To properly evaluate the characteristics of Printon 
film, one must keep in mind that it is a color material 
intended for use in printing snapshot type transparencics. 
These original color transparencies frequently suffer 
from under- or over-exposure and excessive lighting 
contrast. It is also important to remember that Printon 
film is used under production line conditions rather 


* Technical Service ee, Ansco Division of General Aniline & 


Film Corporation, Binghamton, New York. To be presented at the 
Color Processing Conference sponsored by the Technical Division of the 
PSA in Rochester, New York, 25 and 26 May, 1956. Received W 
March, 1956 


Fig. 1. Red, Green and Blue density deviations due to 
aging of unexposed, undeveloped Printon material 
stored at 70 F over a 16 month period. Maximum de- 
viation was 0.1 Red density (cyan dye). The material 
stabilized at about 4 months which is about the time it 
reaches the finisher. 
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than studio or laboratory conditions so economical op- 
erations and case of handling the material are very im- 
portant considerations 

The major features of the new Anscochrome type Prin- 
ton film, established through more than ten years of 
close cooperation with the independent color finishing 
business, arc: 


Fig. 2. Latent image stability of Printon film over an 
8 day period. Maximum deviation is approximately 
1/10 stop. 


1. Storage Stability. Princon film may be stored under 
norma! laboratory conditions for several weeks without 
deteriorating his inherent stability allows the color 
finisher to stock adequate amounts of sensitized material 
to insure continuity of operations, without buying, 
building or operating special refrigerated storage facilt- 
ties. In the use of Printon film, it is not necessary to 
unload roll head printers or collect unused sheets of 
Printon for return to cold storage at the end of each day 
or the start of each weekend. Figure | illustrates the 
storage stability of the new Anscochrome type Printon 
film over a period of 16 months. This chart represents 
the red, green, and blue density deviations from a normal 
density of 1.0. The maximum deviation is equivalent to 
only '/,; stop exposure for the red (Cyan) layer 

It is important to note that the change which occurs 
during storage stabilizes at about 4 months and very 
little change occurs thereafter. This fact should be of 
interest to the color finisher since most materials are 
approximately four months old when they go into the 
finishing plant. If the color finisher maintains a raw 
material inventory equal to one month's use, the change 
which occurs during this period is so slight that it ts of 
no consequence to the finished prints 
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Fig. 3. Reciprocity response of Anscochrome type 
Printon film at various exposure times. The response is 
essentially the same for ~ pend throughout most of the 
range illustrated. No correction is needed for color 
balance throughout most of the range and only a minor 
speed ~ eee is required. Normal exposure time is 
4 seconds. 


2. Printing Speed. The new Printon film features a 
printing speed level which is optimum for efficiency 
with either conventional or custom equipment. Sec- 
onds saved in printing time become labor islioes in the 
finisher's pocket 

The speed level of Anscochrome type Printon film 
makes possible the use of relatively low wattage standard 
enlarger lamps in commercially available enlargers. For 
example, the use of a standard 150-watt enlarger lamp in 
a condenser enlarger provides enough illumination for | 
second or even shorter exposures when making 2X en- 
largements. On the other hand, 16 x 20 and even larger 


prints can be made using the same equipment, still main- 
taining exposure times short enough for a production 


operation. The use of a low wattage source minimizes 
the heat problem. The long useful life of the light 
source (300 hours) is an 

The ideal speed level of Anscochrome type Printon film, 
of course, minimizes the problems involved in designing 
and constructing custom equipment 

3. Latent Image Stability. Latent image stability is 
excellent under normal storage conditions. Prints need 
not be processed immediately after exposure for fear of 
changes of speed or color balance his characteristic 
allows prints exposed on Friday afternoon to be held 
over for processing until Monday morning. Figure 2 
illustrates the latent image stability of the new Printon 
film at 70 F for a period up to 8 days. The maximum 
change noted was a density loss of the magenta dye layer 
approximately equal to '/ of a lens stop in ¢ uivalent 
exposure. It is doubeful that this change could be de- 
tected except by use of a densitometer 

4. Reciprocity Law Failure, Reciprocity law failure is 
not a problem with the new Anscochrome type Printon 
film. There is no need to change filtration or to apply a 
correction factor to exposure timing over the range of 
exposures normally used in color printing. Figure 3 
illustrates the reciprocity response of the new Printon 
film to exposure times ranging from 1 second to 64 sec- 
onds. The maximum change noted is less than '/; lens 
-_ It is important to note that the response is essen- 
tially the same on all layers. Therefore, there is no prob- 
lem of color imbalance introduced by reciprocity law 
failure 
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5. Acutance. The new Printon prints are as sharp 
as optical equipment makes them. Fhere is no bleeding 
of colors from one area to another with the result that 
Anscochrome type Printon film gives the visual im- 
pression of maximum sharpness and brilliance. 

6. Physical Features. The physical dimensions of 
Printon film such as base thickness, emulsion thickness, 
etc., are such that Printon material may be casily used in 
roll head printers, roll easels or sheet easels. Printon 
film thickness is only slightly greater than that of single 
weight black-and-white papers permitting economical 
roll lengths in magazine type printers 

7. Processing Adaptability. Processing of Printon 
film must follow certain prescribed routines but it may 
be readily and casily accomplished in either rack and 
tank or continuous processing equipment. For rack and 
tank operation, the rigidity a the pure white safety 
base film support allows the use of conventional sheet 
film developing hangers without danger of the prints 
falling out when they become wet 

The stiffness of the acetate base also allows casy 
handling of pe size prints by a single operator. 
The physical strength of Printon film makes it particu- 
larly suited to continuous processing operations, as does 
the minimum amount of water eohtien and other 
swelling symptoms. The low water absorption charac- 
teristics allow rapid drying without curl or buckle 

8. Universal Processing Line. Most color finishers 
appreciate the fact that Prinsen film, Anscochrome film 
and Ansco Color Duplicating film may all be processed in 
a single line. This possibility minimizes the initial in- 
vestment in color finishing equipment and reduces the re- 
quirement for chemical control and labor cost. 

The universal Ee line is provided by simply 
adding two developer tanks to a line which has been 
originally set up for only one type of film. 

9. Replenishment of Solutions. Printon processing so- 
lutions may be replenished for maximum economy and 
stability of processing. They are no more critical in 
keeping quality than ordinary black-and-white process- 
ing soluaions. While chemical savings are affected by 
replenishment, the maximum value is in the fact that 
shutdowns for dumping and remixing are greatly re- 


duced. 
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ANSCO COLOR PRINTONR — 


Fig. 4. Visual density curves for Anscochrome type 
Printon film vs. the former Ansco Color Printon film. 
Anscochrome type Printon film features lower stain 
level, higher D,... and a much greater exposure scale 
for the reproduction of snapshot type color transparen- 
cies. 
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10. Maximum Brilliance. Brilliance is obtained with- 
out ferrotyping or other costly time consuming steps. 

In addition to the above factors, the new Anscochrome 
tyPe Printon film features: (a) ge clean 
whites for better print highlights and better white 
borders. (b) Improved gradation for better highlight 
and shadow detail at extended printing latitude. 
(c) Good curve conformity results in excellent printing 
filtration characteristics. (d) Redder reds for more ac- 
curate color rendition. Figure 4 illustrates sensito- 
metrically some of the improvements just mentioned. 


The new Printon film features much lower stain level 
which, of course, results in clear whites and generally 
better quality and brilliance. The maximum density 
of the combined layers is considerably higher and the 
exposure scales have been extended to more easily handle 
the density ranges found in snapshot type transparencies. 
Both photographically and physically, the new Ansco- 
chrome type Printon film seovides the commercial photo- 
finishing operation with a color print material on which 
high quality duplicate prints of color transparencies can 
be made with sureness and economy. 


PROCESSING E. I. 32 ANSCOCHROME FILM FOR HIGHER 
AND LOWER EXPOSURE INDEXES 


Philip M. Mikoda* 


SUMMARY 


The introduction of high speed color film has stimulated a demand for still nighes speeds 


Ansco- 


chrome film permits the color finisher to obtain exposure indexes up to 125 by merely changing the time 
of first development and color development without any other departures from the normal Anscochrome 


processing procedure 


5 WRITER'S INTRODUCTION to photofinishing took 
place 4% years ago when he visited the back room 
of the leading camera shop in his home town. This 
shop did what was considered the best black-and-white 
finishing in the area. A high school Science professor 
managed both the finishing plant and a camera counter 
on a part-time basis. Other finishing plant employces 
were Science class honor students, also on a part-time 
basis. Processing controls consisted of an employee's 
right index finger which served as a thermometer and a 
ack of regular size cigarettes which served as timers. 
he cigarette was lighted; several puffs were taken to 
get it going; it was then placed on the edge of a table; 
when the paint began to smell, it was time to transfer 
something in the darkroom or take prints off the dryer 
The successful black-and-white finisher of today has 
come a long way from such primitive beginnings. 
The modern photofinisher concerns himself with clec- 
tronic controls, pH meters, sensitometry, statistical con- 
trol charts, chemical analysis and in a few instances is 
the proud but somewhat uncasy employer of a control 
chemist. Every modern picce of equipment in a photo- 
finishing plant today is automatic or at least semi- 
automatic. All of this is the result of the tremendous in- 
crease in volume of black-and-white business and the 
problems inherent in continuous processing systems. 
This same type of revolution is taking place in the 
color finishing business. Less than fifteen years ago, 
only skilled technicians in the photographic industry 
were able to produce acceptable color transparencies and 


* Qualicy Control Department, Ansco Division of General Aniline and 
Film Corporation, Binghamton, New York. To be presented at the 
Color Processing Conference sponsored by the Technical Division of the 
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pore, In 1944, however, the introduction of Ansco 
lor Sheet Film made it possible for the user to produce 
good color transparencies within two hours fw ex- 
—— In 1946 the introduction of Ansco Color roll 
Im along with Ansco Color Printon film made Color 
Photofinishing a reality. 


Table I 


NORMAL ANSCOCHROME PROCESSING 
EXPOSURE INDEX 32 


Minutes at 68F 


PROCEDURE FOR 


Step Solutions 


First Developer 16 
Short Stop* 2 
Hardener 4 
Wash 5 
Second Exposure 1 (Bach Side) 
Color Developer 4 
Short Stop** 2 
Hardener 4 
Wash 5 
Bleach 5 
5 
4 
0 
2 


oe 


Wash 
Fixer 
Wash 
Final Rinse 


* For use dilute 1 part formula with 2 parts water 
** For use dilute 2 parts formula with 1 part water 


To increase the independent finishers’ volume, a prod- 
uct was still needed that would fulfill the unsatisfied 
earnings of the box camera owner for color pictures. 
yom spring, a color rollilm with a speed three times 


that of | previously available reversal color roll film 


was placed on the market under the name Anscochrome 
film. This was a product with gradation characteristics 
ideally suited for Printon duplicates. Since the intro- 
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Table Il 
PROCESSING PORMULA CONTROL DATA FOR ANSCOCHROME FILM 


Useful 
pH range 


Normal 
pH fresh 

De veloper 10 19 10 09-10 
A-2 

First Developer 10 15 10 04-10 
Replenisher 

Color De veloper 10 10 
6) 

Color Developer ( 10 

Re pi nisher 

#607R-1 

Short Stop 

#855 

Diluted 1-2 

Short Stop 

Diluted 2-1 

Short Stop 

Hardener 

Bleach 

#7161 


Pixer 
Final Rone 


duction of Anscochrome film and other higher speed 
color films, interest in color finishing has rapidiy in- 
creased. To keep pace with this interest Ansco is 
doing everything it can to accelerate customer interest 
in order to ‘omen, Be the color photofinisher’s volume 


Optimum Results at E. 1. 32 


Although Anscochrome film is designed and manu 
factured to produce optimum results at E. I. 32, the re 
lease of this high speed color film has stimulated a 
demand for still higher speeds. At E. I. 32, Ansco- 
chrome film produces optimum quality in terms of grada- 
tion characteristics, color balance and grain structure 
At this speed level Anscochrome film characteristic 
curves show excellent conformity of the three color 
components throughout the exposure scale. This char 
acteristic permits good color balance to be maintained 
from the highlights to the shadows; it also permits 
processing to obtain higher than normal effective ag 

Any deviation from the E. I. 32 procedure results in 
slight quality losses; at E. 1. 64 these losses are scarcely 
perceptible; at E | 125 the losses become visible, 
gradation steepens, maximum density drops a notice 
able degree. The results, however, are still good 
Both still and motion picture photographers were quick 
to experiment and to find that speeds up to E. I. 125 were 
obtainable by changing developing times only. Many 
photographers are now routinely exposing Anscochrome 
at exposure indexes up to 125. The progressive photo- 
finisher should be prepared to handle these growing re- 
quirements for high speed color finishing 

The processing procedure and formulas recommended 
for optimum results with Anscochrome film are shown in 
Table I and Table II. All of the chemicals required are 
available in the new 3'@ gallon size Anscochrome Pro- 
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Exhaustion rate 


sq. in. per liter 


Keeping quality 
use 


640 One month 
With Replenishment 


Two wecks 


640 One month 
With Replenishment 


Two weeks 
640 Two weeks 
640 Two weeks 
320 Two weeks 


640 One week 
640 One week 
With extended times 

80-320 per liter § min 

320-640 per liter 8 min. 


640 Two weeks 
640 Two weeks 


fessional Developing Outfits. For the volume color 
finisher the First Developer is supplied in factory-packed 
units to make 10 gallons of solution. A Replenisher 
formula for the First Developer is likewise furnished in 
quality controlled packaged chemicals to make ten 
gallons of solution. The Short Stop and the Hardener 
are normally mixed by the color finishers on the premises 
They contain familiar photofinishing thomicele which 
are readily available 

The Second Developer, or Color Developer, is care- 
fully compounded wu odds available in factory sealed 
cans for making ten gallons of solution. A Replenisher 
formula for the Color Developer, likewise, is supplied by 
Ansco, packaged in 10 gallon units 

The Bleach formula comes ready prepared for dis- 
solving in water to produce ten gallons of working 
solution. The Fixer and the Final Rinse both are pre- 
pared by the finisher from familiar ingredients 


The normal! formulas for normal — of Ansco- 


chrome Film are the same formulas used to produce 
higher speed results without the use of any accelerators. 
The color finisher needs only to follow the developing 
time changes in Table III 

Anscochrome films are now being furnished in sheet 
and roll form for both amateur and professional use 
They are supplied in color balance suitable for daylight 

hotography and with different color balance suitable 
foe artificial light of various “color temperatures.’ 
Processing any one of these films under carefully con- 
trolled conditions produces results at exposure indexes 
of up to 250 which have been considered satisfactory for 
information gathering purposes 

The color finisher of today should be on the alert for 
new uses for his services. He should concern himself 
not only with the advanced amateur as in the past but 


PHOTOGRAPHIC SCIENCE AND TECHNIQUE 


5 
87 
oO 7.98.10 
7 0)8 OO 


Table III In addition color finishers should not overlook the 
, rapidly increasing use of 16mm high speed Anscochrome 
ANSCOCHROME SPEED VARIATION TIME TABLE film in industry. The demands for this material are ex- 


Developing Times Suggested filter to . 
Exposure Index Pires Color restore color balance Panding rapidly. Some applications of this my 
ocessed to E. I. 125 are: Spot News for Color TV, 
3 pen Growth Studies, Highway Construction Research, 
32 16 14 High Speed Flow Analysis, High Velocity Mechanical 
64 21 16 Motions, Vibration Analysis, Ballistics, Night Sport 
100 25 16 025 3 Events. A properly equipped color finisher can handle 
= sad a sacha these 16mm processing requirements in his neighborhood 
with relatively simple equipment 
with the possibility of servicing industrial, commercial, An Anscochrome film processing installation is the 


and professional users of color photography as well. most versatile color finishing operation available today 
With an Anscochrome film processing installation, the Strict adherence to processing instructions will produce 
enterprising color finisher can now service the box highest possible quality. Whenever these instructions 
camera user, the advanced amateur and professional appear difficult or expensive to follow, it may be well to 
photographer without changing a solution or processing keep in mind the words of a man who knows, the 
time. With slight change in developer times he can proprietor of a well-known color finisher Service, who 
offer a premium-priced service to the high speed color said, ‘Black-and-white finishing pays for your bread and 
user butter; color finishing pays for your Cadillac.” 


SENSITOMETRIC CHARACTERISTICS OBTAINED WITH 
KODAK SD-19A DEVELOPER 


P. Hariharan* 


ABSTRACT 


Sensitometric data for two high speed, panchromatic, negative emulsions de oy in Kodak SD-19A 
developer are presented. The variation of the sensitometric properties with the development time and 
the delay interval after the working solution is mixed, as well as the keeping properties of the stock 


solutions, are discussed 


, eExPERIMENTS described in this paper were under- 

taken in the Division of Applied Physics, National Re- 

search Council, Ortawa, Canada, with the object of 

studying the characteristics of Kodak SD-19A High 

Emulsion Speed Developer.' That formula (see Table 1) . 

utilizes the ability of certain hydrazine derivatives, when 

added to a normal photographic developer, to give in- 

creased speeds Part of this work, consisting 

of an evalution of the film speeds obtained on the resolv- 

ing power criterion, has been published elsewhere.’ / | 

The present paper deals, in more detail, with the general | 

sensitometric propertics of two high speed negative is 

emulsions developed in SD-19A 
Tests were carried out with two panchromatic negative £ 

films: Kodak Acro Super XX and Kodak Super XX sheet | J / are 

film. Samples of these were exposed in a sensitometer 

through a calibrated Kodak No. 2 step tablet to a stand- net ae 

ard source consisting of lamp run at a color 


temperature of 2860 K, and a Davis-Gibson liquid filter.‘ Fig: 1. Characteristic curves for Kodak Aero Super 
XX film, developed in SD-19A for 18 minutes with delay 


The exposure time was 0.029 second. 
intervals of (1) 30 sec., (2) 2 min., (4) 5 min. 40 sec., 
: and (4) 15 min. 40 sec. The control curves (5) for de- 
*National Physical Laboratory of India, New Dethi, India. Received velopment in D-19, for the same time, are included for 
26 March, 1956 comparison, 
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Pig. 2. Characteristic curves for Super XX sheet film 
developed as described in Fig. 1. 


The exposed film strips were developed in a spiral tank 
Since it was found, quite carly in the investigation, that 
the activity of the dovelepes decreased sapidy after the 
working solution was prepared,’ the two stock solutions 
were mixed together in the tank. The film reel was 
lowered into the working solution, to initiate develop- 
ment, after a measured delay interval. Development 
times ranged from § minutes to 18 minutes and the delay 
interval was varied from 30 seconds to 15 minutes and 30 
seconds. The degree of agitation was controlled by 
shaking the whole tank to and fro continuously for the 
first minute and for eight seconds in every quarter minute 
after that. Control strips were developed in D-19 ac- 
cording to the same procedure 


Experimental Results 


Representative characteristic curves for Kodak Acro 
Super XX film and Kodak Super XX sheet film for a 
development time of 18 minutes in SD-19A and various 
delay intervals are shown in Figures 1 and 2. The sensi- 
tometric curves for development in the unmodified 
formula D-19 for the same time are included for compari- 
son. The minimum exposure permissible on the frac- 
tional gradient criterion’ is also indicated on each curve. 

As can be seen from the curves, the sensitometric 
characteristics depend on the delay interval as well as on 


on 


fet 


Pig. 5. Variation of the fog level, with the develop- 
ment time, for Kodak Aero Super XX film developed in 
SD-19A with delay intervals of f 1) 30 sec., (2) 2 min., 
(3) 5 min. 30 sec., and (4) 15 min. 50 sec. The control 
curve (5) for development in D-19 is included for com- 
parison. 


the development time. The variation of the sensito- 
metric characteristics with the development time and 
the delay interval are discussed under the following 
headings: 


1. Fog. 

The time-fog curves obtained for development in SD- 
19A are of the usual form. However, the fog density for 
any development time depends on the delay interval. 
Very high tog levels are attained when the delay interval 
is reduced to a minimum. On the other hand, with de- 
lay intervals exceeding 15 minutes, the fog density is 
practically the same as that obtained with development 
in D-19. The variation of the fog level with the de- 
velopment time, for different delay intervals, for Kodak 
Acro Super XX film, is shown in Figure 3. The curves 
obtained with Kodak _— XX sheet film are of the 
same form, except that the fog levels are not quite so 
high. 


Fig. 4. Variation of the gamma with the delay inter- 
val for Kodak Aero Super XX. Development times of 
(1) 18 min., (2) 13 min., (3) 8 min., and (4) 5 min., in 
SD-19A. 


2. Contrast. 

With both the films studied, development in SD-19A 
results in comparatively low valucs of gamma when the 
delay interval is short. This is partly because of the 
high fog level. As the delay interval is increased, the 
contrast increases. In the case of Kodak Super XX Sheet 
film, this increase is quite small and the gamma always 
remains below that obtained with development in D-19, 
but for Kodak Acro Super XX film the increase is quite 
striking, especially with the longer development times. 
Figure 4 illustrates the variation of the gamma of Kodak 
Acro Super XX film with the delay interval for various 
development times in SD-19A. Extremely high values 
of gamma can be obtained under certain conditions. 


3. Grain. 

Development in SD-19A results in very grainy —. 
tives, with a grain pattern of a peculiarly “woolly” 
nature.* The grain is most prominent in the background 
fog and in the low density areas of the image. This ts 
protably because the larger reservoir of undeveloped sil- 
ver in these areas results in a proportionately greater 
density being built up by the fogging action of the de- 
veloper. When the y interval is kept to a minimum, 
a granular type of fog appears, consisting of round dots 
of high density (“‘pepper’’), so that satisfactory enlarge- 
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Fig. 5. Variation of the fractional gradient speed 
with the delay interval for (a) Kodak Aero Super XX 
and (b) Kodak Super XX sheet film developed in SD- 
19A. Development times of (1) 18 min., (2) 13 min., 
and (3) 8 min. The speed values corresponding to de- 
velopment in D-19 for the same times are indicated by 
the horizontal dotted lines. 


ments can not be made. Pressure marks are also greatly 


emphasized. 


4. Speed. 

Figure § shows the variation in the fractional gradient 
s eds! of Kodak Acro Super XX and Kodak Super XX 
aa film, as the delay interval is varied, for different 
times of development in SD-19A. The limiting speed 
values for development in D-19, for the same times, are 
indicated by the horizontal dotted lines at the end of 
each curve. These values are exclusive of the ‘safety 
factor’ of four included in practical exposure indices 
based on this criterion. ** 

The maximum gradient speed, for any given develop- 
ment time, is always obtained with the shortest possible 
delay interval. Theoretically, an increase in speed by a 
factor of five over the normal rating can be obtained with 
a development time of 13 minutes ie Acro Super XX and 
18 minutes for Super XX sheet film. 

However, there is a serious drop in the resolution ob- 
tained under these conditions and speed measurements 
using a criterion based on the minimum exposure re- 
quired to resolve detail of a given size** show that the 
increase in speed depends on be resolution level at which 
the speed is measured. At normally acceptable levels 
there is actually a loss of speed on this criterion and it is 
only at very low values of resolution that there is any 
substantial gain. Consequently, the use of SD-19A 
developer #s a method of increasing film speeds offers 
advantages only when an extremely low sane of defi- 
nition can be tolerated. 

This rather contradictory result is due to the fact that 
the fractional gradient criterion is based only on consid- 
erations of tone rendering and neglects the structure of 


* American Standard Z38.2.1 (now superseded by ASA PH2.5-1954) 

ifically excludes acrial reconnaissance films trom consideration 

the —— of the fractional gradient criterion to high contrast 
films has not been recognized by ASA. Ed ‘ 
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the image. It is, therefore, strictly applicable only 
when there is a close correspondence between the sensi- 
tometric characteristic curve and the resolution charac- 
teristic curve. This is normally the case but with de- 
velopment in SD-19A the resolving power can fall below 
the normally acceptable minimum before tone — 
duction becomes unsatisfactory; the exposure is then 
determined by the minimum acceptable resolution. 


5. Stability of the Solution 

The SD-19A working solution is very unstable and its 
activity falls off rapidly in the first few minutes after it 
is mixed. After this initial decay, there is little change 
in the characteristics of the developer for the next 
twenty-four hours. Early estimates of in working life' 
seem to have been based on this fact and appear to have 
overlooked the initial rapid decay 

On the other hand, the hydrazine stock solution is 
comparatively stable. Tests showed no detectable 
difference in the sensitometric characteristics of film 
strips processed with fresh hydrazine stock solution and 
with solution mixed the previous day. Apparently, 
rapid oxidation of the hydrazine takes place = in the 
alkaline working solution 

Even though the D-19 stock solution is normally quite 
stable, the rate of decay of the SD-19A working solution 
is influenced very much by the state of oxidation of the 
sulfite in it. Consequently, the D-19 solution used in 
this formula must be reasonably fresh. 


Acknowledgments 


The author wishes to express his thanks to Mr. P. D 
Carman for his advice and assistance in this work. 


References 


1. H. A. Miller, R. W. Henn, and J. 1. Crabtree P. S, A. Journal, Vol. 
2, pp. 586, 692 (1946 

2. R. E. Stauffer, W. F. Smith, and A. P. H. Trivelli, J. Pranklin 
Inst., Vol. 238, p. 291 (1944 

3. P. Hariharan, J. ¢ Soc. Am., Vol. 45, p. 60 (1955) 

4. American Standards Association, ‘American Standard Method 
for Determining Photographic Speed and Exposure Index,’ Z38.2.1- 
1947 

5. L.A 

6. LE 


ones, J. Franklin Inst., Vol. 227, 297, 497 (1999) 
fowlett, Can. J. Research, Vol. 24A, p. 1 (1946) 


Table I 


FORMULA POR KODAK SD-19A MAXIMUM EMULSION 
SPEED DEVELOPER 


Stock Solution A 


0.2% solution Kodak Antifog No. 2 20.0 cc. 
(6nitrobenzimidazole-nitrate 
Hydrazine di-hydrochloride 1.6 gm 
Water to make W.0 c 
Stock Solution B 
1.0 litre 


Kodak D-19 developer 
To prepare the working solution, add W cc. of solution A toa 
litre of solution B 


Warning 
Hydrazine di-hydrochloride is toxic and a skin irritant. It is 
advisable to use rubber gloves when working with this developer 


4 
| 
| 
| 
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their control at 
chemical control are consi 
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exracnaome Safety Color Film, E-135 and 
E-828, is a multilayer color film containing incorporated 
couplers and is designed for reversal processing by the 
E-2 Ektachrome Process. A schematic cross-section 
view of the film is shown in Figure la. The first layer 
coated on the film support is an antihalation layer which 
is decolorized during the bleach step of the process A 
thin, insulating layer is then applied, followed by the 
red-sensitive emulsion layer which contains, in addition 
to the red-sensitized silver halide, a dispersion of a 
coupler capable of forming a cyandye. A thin, gelatin 
interlayer is then — for the purpose of preventing 
the products of development in one emulsion layer from 
affecting image formation in an adjacent emulsion layer 
The next layer contains green-sensitized silver halide and 
a coupler capable of producing a magenta dye. A col- 
loidal-silver filter layer then is coated over the green- 
sensitive layer. This filter layer serves the dual purpose 
of preventing blue light from reaching the alin 
green- and red-sensitive layers and of reducing interlayer 
development effects. The top emulsion layer is blue- 
sensitive and contains a coupler producing a yellow dye 
Over this is coated a gelatin layer serving as a protective 
overcoat 

The couplers used in this 345mm Ektachrome Film are 


of the oil-soluble type described by Mees.' Each cou- 
CROSS-SECTION OF SHEET AND 
55mm EKTACHROME 
(Row stock) 
55mm GELATIN OVERCOAT SHEET 
GELATIN INTERL AYER | d 
~ MAL ATION 
PPOR SUPPORT 
hh 
Fin Fig ID 
Fig. |. Cross section diagrams of sheet and 44mm Ekta- 


chrome Film before processing. 


* Color Technology Division, Eastman Kodak Company, Rochester, 
N. Y., and Research Laboratories, Eastman Kodak Company, 
Rochester, N. Y Presented at the PSA National Convention in 
foston, Massachusetts, § October, 1955. Received 14 February, 1956 
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THE E-2 EKTACHROME PROCESS: 
ITS VARIABLES AND THEIR CONTROL 


A. G. Millikan* and N. H. Groett 


ABSTRACT 


The structure of E-2 Ektachrome Film and its process are described. 
variables (time, temperature, agitation, wash rates, and chemical concentrations) and methods of 
various mr ges volumes are discussed. Some of the problems encountered in 


The effects of various process 


pler is incorporated in its emulsion layer in combination 
with a finely dispersed, oily carrier. Research during 
recent years has produced couplers with increased solu- 
bility in the carriers, with the result that more concen- 


Table I 


E-2 EKTACHROME PROCESS SEQUENCE 


Temperature Time in 
Step Solution or Procedure in °F Minutes 
First developer 10 
2 Rinse 
Hardener 73-77 4-10 
4 Reversal exposure 
5 Wash 73-77 
6 Color developer 73-77 15 
7 Wash 73-77 5 
8 Clear 7>-77 5 
Rins« 73 77 
10 Bleach 73-77 8 
Rinse 73-77 
12 Fix 73-77 
13 Wash 73-77 8 
l4 Stabilizing 73-77 l 
15 Dry 
trated coupler solutions can be employed. This im- 


provement has permitted the use of thinner layers than 
those in the older Ektachrome Sheet Film, a cross-sec- 
tioned view of which ts shown for comparison in Figure 
Ib 

Extensive investigations have been carried out to 
evolve processing Foomuies which will produce the 
optimum picture quality from films with the modified 
structure. The resulting film-process combination is to 
be regarded as a unit designed for best results, and 
neither the film nor the process can be used successfully 
with the other component from the older Ektachrome 
Sheet Film system 

The sequence of steps in the E-2 Ektachrome Process ts 
given in Table I. The firse bath is a negative developer 
similar in type to those used in conventional black-and- 
white work. This developer reduces to silver those 
silver halide grains in all of the emulsion layers which 
received exposure in the camera. A rinse is then given, 
followed by a treatment in a hardening bath which hard- 
ens the gelatin and stops the development reaction. 
After the film has been in the hardener for 3 minutes, 
the room lights may be turned on. The film is then re- 
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Fig. 2. Equipment for processing 30 rolls of 35mm 
Ektachrome Film on Nikor reels in a 3}-gallon tank. 


exposed, and washed for 3 minutes. Enough light is 
used in re-exposure to insure that all of the silver halide 
remaining in the film after the first developer is fully ex- 
posed so that it will develop in the subsequent color 
developer 

The color-developer solution contains a developing 
agent whose oxidized form reacts with the couplers in- 
corporated in the emulsion layers to produce dyes of the 

oper color at the right places. The color development 
is followed by a 5-minute wash, and then the film is 
treated for § minutes in a clearing bath which serves to 
remove the last traces of the color-developing agent 
from the film. After a short rinse, treatment in the 
ferricyanide bleach bath converts all the metallic silver 
in the film to silver halide. After another rinse, the 
silver halide is removed in a fixing bath. The final wash 
is followed by a stabilizing bath which protects the dyes 
in the film from some types of postprocess fading. The 
film may be dried following normal black-and-white 
procedures, except that care must be taken to avoid dry- 
ing temperatures higher than 110 F 

It is to be emphasized that the E-2 Ektachrome Proc- 
ess has been designed specifically for the 35mm Ekta- 
chrome Film. Other color films, including the current 
Ektachrome Sheet Film, cannot be processed satisfac- 
torily in the E-2 Process, and the 35mm Ektachrome 
Film will not give satisfactory quality if it is put 
through processes other than the E-2 Ektachrome Process 
The only baths which are common to the E-2 Process and 
the Ektachrome Sheet Film (E-1) Process are the hardener, 
the clearing, and the fixing baths 


Processing Methods 


The E-2 Ektachrome Process can be carried out in 
various ways, depending on the scale of the processing 
operation. Thus, the process can be used in equipment 
designed for handling single rolls, or in rack-and-tank or 
continuous-machine installations 

The Kodak Dayload Tank is representative of equip- 
ment used for processing single rolls of 35mm Ekta- 
chrome Film With this tank, the 1-pint processing kit 
can be used, and six 20-exposure rolls can be processed 
before the solutions are exhausted. 
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A typical in-line 3'/ gallon processing setup is il- 
lustrated in Figure 2 Thirty rolls of film, och ona 
Nikor reel, can be processed at one time, and the basket 
is provided with a Solis for a control strip. With this 
arrangement, approximately 175 20-exposure rolls of 
35mm Ektachrome Film can be processed before the 
solutions are exhausted 

A larger rack-and-tank system, the Kodak Rack and 
Tank Processor, Model 10E, is shown in Figure 3. The 
unit is capable of processing film at the rate of approx- 
imately 90 rolls per hour. If no replenishment is used, 
§00 20-exposure rolls can be processed before the solu 
tions are exhausted. A nitrogen-burst system provides 
automatic agitation in all processing solutions 

For the processing of large volumes of film, continuous 
processing equipment would probably be the most 
desirable. However, at present, continuous processing 
equipment designed specifically for the E-2 Ektachrome 
Process is not commercially available. 


Principles of Process Control 


The underlying principles of control of color photo- 
graphic processes have been described by Koerner." 
Complete control requires both photographic measure- 
ments and chemical analyses, because neither one alone 
can give a complete evaluation of a color photographic 
process 

Control by chemical methods requires chemical anal- 
ysis and adjustment of the many constituents of the 

ocessing solutions. If control by this technique is to 
™ at all effective, it must be complete in its scope 
Hence it requires the services of a skilled technician and 


Pig.3. Kodak Rack and Tank Processor, Model 108, 
having « capacity of approximately 90 rolls per hour, 
with nitrogen-burst agitation of the solutions. 
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67 Speed 
tolerance 


&3 £4 ne a7 46 a9 410 
Control strip number 

Fig. 4. Control chart on which data are entered from 

successive control strips to show the performance in re- 


lation to the standard and to control limits in both di- 
rections. 


involves the use of expensive equipment. The cost of 
this operation is so high that it can be justified only for 
large-volume processing installations 

The need for extensive chemical control is reduced, to 
some extent, by the manufacture of processing and 
replenisher kits. The processor, by the use of such kits, 
is relieved of the burdens of testing and certifying 
batches of chemicals, accurate weighing of components, 
and analyzing and adjusting solutions. Meticulous 
care must be exercised, however, to follow the manu- 
facturer's directions and recommendations for using the 
kits, since the process can be grossly affected by such fac- 
tors as mixing procedures, storage conditions, and solu- 
tion aging 


Photographic Control 


The end result of the photographic process is a picture, 
and, in the final analysis, a process is termed a success or 
a failure according to the photographic quality obtained 
However, a processor cannot judge his process on the 
basis of the quality of customers’ films because, in any 
run, he is handling films representing many different 
emulsion batches and films of varying history with 
regard to age, storage conditions, and exposure. Hence, 
accurate A sademeene ob control of a process must be based 
upon the results obtained with control strips which 
carry a standardized exposure on a selected emulsion and 
which have received standard treatment throughout 
their history 

Some of the more important considerations involved 
in the preparation of suc f control strips are 

1. Exposure must be identical from strip to strip 

2. The film on which these exposures are made must 

be uniform throughout its length 

The film must be kept under conditions which 
render the latent image stable with time 

The conditions of exposure (duration and quality 
of light) must approximate closely those com- 
monly used in practice 

If these requirements are to be met, much care and good 
equipment are needed. Since the processor is usually 
not equipped to produce his own control strips, the 
manufacturer supplies E-2 Ektachrome control strips 
The strips are supplied in groups of twenty, cach group 
containing a reference strip processed under standard 
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conditions. The control strip from a given process may 
be compared cither visually or, ohn ag densito- 
metrically, with the reference strip, to determine the 
direction and magnitude of departure from the standard. 
The unprocessed control strips must be stored at 0 F or 
lower to insure that changes in the strip resulting from 
latent-image keeping effects do not lead to erroneous 
results 

It is recommended that a color densitometer be used in 
evaluating the processed control strips, because this tech- 
nique provides a more accurate evaluation of the quality 
of the process than can be obtained by visual judgment 
alone. From the densitometric readings, numerical 
values representing speed and color balance can easily be 
calculated. If these speed and color-balance values are 
plotted for each process against the standard values ob- 
tained from the reference strip, a continuing picture of the 
state of the process is obtained. Full information on 
techniques for using the E-2 Ektachrome Process con- 
trol strips is available in the form of a Kodak Processing 
Control Kit for the E-2 Ektachrome Process 

The nature of color photographic materials and their 
processes is such that a certain amount of chance varia- 
tion in results will be observed. Therefore, a control 
chart, as illustrated in Figure 4, should include control 
limits as well as the standard levels. Variation about 
standard but within these limits is normal. Corrective 
action should not be considered until the results, when 
plotted, are outside the control limits or until the average 
results, when plotted, are consistently near a limit 


Process Variables 


Successful operation of the E-2 Ektachrome Process 
depends upon the precise balancing of the rates of man 
didierent chemical reactions. Those parameters which 
influence the rates at which the various chemical re- 
actions proceed give rise to variations in the final re- 
sults. In general, the variables of importance in the 
E-2 Process can be separated into two classes, physical 
and chemical 

The important physical variables of time, temperature, 
and agitation must be controlled carefully in those steps 
of the process in which the chemical reactions are not 
carried to completion. (Reversal exposure is another 
important physical variable. ) 

ime -Time of development in the first op oa is of 
particular importance since the rates at which the three 
emulsion layers develop are not equal. The desired end 
result (proper speed and color balance) is obtained only 
if the , oa. van son is stopped when cach of the chree 
layers has been developed to the proper point. The 
standard time of first development for the E-2 Process is 
10 minutes; off-standard results will be obtained if this 
time is not maintained to within + 15 seconds. As the 
first development time is increased, the effective film 
speed increases, the color balance becomes magenta- 
blue, and the maximum density decreases as a result of 
increased negative fog. As the time of first development 
is y Rm the speed decreases, the color balance 
shifts toward the yellow-green, the contrast decreases, 
and the highlight density increases 

A greater time tolerance, +1 minute, is permissible in 
the color developer because the chemical reactions oc- 
curring in this solution go essentially to completion in 
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Fig. 5. First developer agitation variations. 


the recommended time. It is to be noted that this time 
may become more critical as the solutions approach ex- 
haustion 

The recommended time for the wash following the 
clearing bath is not less than 30 seconds nor more than 
90 seconds. This recommendation should be followed 
closely. In order to obtain complete bleaching of the 


silver in the bleach bath, it is a necessary condition that 
some hypo be present in the film when it is put into the 
bleach 

bleachin 
processed film will be degraded 


If the wash time is prolonged, incomplete 
of the silver will resule and the colors in the 
If the time in the wash 
is too short, the hypo concentration will increase in the 
bleach bath and shorten its useful life 

The effects of variations in time in all of the solutions 
are listed in Table II 

Temperature--The rate of development varies rapidly 
with changes in temperature, and hence the temperature 
of the first developer in the E-2 Process must be main- 
tained within narrow limits. If the desired results are 
to be obtained, this first developer temperature must be 
maintained at 75 F * '),°. If the temperature of this 
solution increases to 75 '/; F, the speed increases ap- 
proximately one-fifth stop, and the balance becomes 
magenta-blue. If the temperature drops to 74'/,'F, the 
speed decreases approximately one-fifth stop, and the 
color balance shifts in the yellow-green direction. The 
temperature of the other solutions is less critical, and 
the recommended range, 73 F-77 F, gives adequate re- 
sults. The wash temperatures may vary to a greater ex- 
tent, except for the rinse following the first developer. 
This rinse bath does not act as an effective development 
stop ba~h, and consequently first development continues 
at a reduced rate during this wash. Hence the tem- 
perature of this wash should be maintained between 73 F 
and 77 F. Very wide changes in the other wash tem- 
peratures are not advisable, since there is danger of 
reticulation if high wash temperatures are used 

Agitation— Agitation serves to keep the ety at 
the film surface relatively constant in activity by re- 
moving the oxidized developer and replacing it with 
fresh solution. If the rate svesiouian is too high, the 
effect is similar to that obtained by prolonged develop- 
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ment. If the level of agitation is too low, underdevelo 
ment will result. In the E-2 Ektachrome Process, the 
first developer is more sensitive to changes in agitation 
levels than are the other solutions. Increased agitation 
tends to increase speed to some extent, but more im- 
portantly, it increases the toe contrast. The E-2 Proc- 
ess, like that for Ektachrome Sheet Film, was designed 
to give optimum results with lift-and-drain-type agita- 
tion. Hand agitation does not, however, lend itself 
well to large-volume processing techniques. Excellent 
results have been obtained using gascous-burst agitation 
with a burst-cycle of l-second duration repeated once 
every 15 seconds. The effect of changing the level of 
agitation in the first developer is shown in Figure 5. It 
is seen that higher burst rates lead to increased toe con- 
trast. 

Reversal Exposure The purpose of the reversal ex- 
posure is to make developable all of the silver halide 
which remains in the film following the first develop- 
ment. If the minimum light requirement is met aes. 
this exposure, the color quality of the light source an 
the duration of exposure are not critical, Tungsten 
bulbs, photoflood lamps, fluorescent tubes, and tungsten 
Lumaline tubes have all been used successfully. If 
insufficient reversal exposure is given, the maximum 
density and contrast, measured with green light, de- 
crease. Figure 6 illustrates the results obtained if the 
reversal exposure is omitted entirely 

Replenishment—In any photographic po best re- 
sults are obtained when all the chemical constituents of 


Table II 


VARIATIONS IN THE E-2 
PROCESS 


EFPECT OF TIME EKTACHROME 


Standard 
Time in 
Minutes 


Effect of Increasing Time 
from Below Normal to 
Above Normal 


Solution Tolerance 


First 10 (oriti 


deve loper 


Increased speed and toc * 15 sec 
contrast, color balance cal) 
shifts toward magenta 
blue 

Decreased density through 
out «ale 

Shorter time 
reticulation 


* sec, (criti- 


cal) 


Rinse 


Hardener may cause 
i min 


min 


Wash 
Color 


developer 


Slightly more magenta in 
balance and increased 
yellow stain 

1) slightly lower minimum 
density 

2) more yellow mid-scale 
balance 

4) more magenta shoulder 

Color balance shifts to 
ward blue increased 
ycllow stain 


min 


Wash 


min 

Omission of thia 
bath produces 
a heavy red 
stain 

Greater density through- *© W sec 
out 

Increased stain shortened 
time leads to silver re 
tention) 


2 min 


5 min 
Reduced density; balance — W sec 
shifts toward cyan 


+2 min 


\ Neutral density 
\ 
Ne Burs! cycle 
Me 
15 
5 
Clear 5 
Wash l 
Bleach 5 
Wash 
Pix 
Wash 4 


ntoctvorne Process 


Effet of reversal 


30} exposure vonathons 
L. 
ween density 
Heversol expoure 
each ude, | ft 
| Nx Protofiood . 
expowre 
Fig. 6. Effect of reversal exposure variations. 


the processing baths are held at a specified concentration 
This ideal condition can be met, however, only by using 
fresh solutions for each roll of film, a practice which ts 
not economically feasible. A satisfactory compromise 
method of operation is reached in either of two ways 
(1) The processing solutions are used until the process 
control limits are reached; at this point, the solutions 
are discarded and new solutions are mixed. (2) A 
given area of film is processed per unit volume of solu- 
tion, and then a portion of the tank solution is discarded 
and replaced with replenisher solution. The former 
me thod is recommended for use with the standard proc- 
essing kits, and is suitable for small-volume processing 
With the latter batch-replenishment system, the amount 
of film which can be processed in a given set of solutions 
is approximately three times that possible with the 
standard kit procedure 


A, AMERICAN STANDARD Code has been established 
for designating and identifying projection lamps used in 
photographic and other equipment, Manufacturers of 
thes lamps offer a multiplicity of types with the same 
wattage rating. This practice has created confusion for 
lamp users. For example, there are more than a dozen 
separate and distinct models of *'300-watt projection 
lamps. See Figure | The illustration shows four 
teen models having different ':ases, different bulb sizes, 
and some have ‘black tops."’ 


* American Standards Association, Incorp wated, 70 East 45th Street, 
New York 17, New York 
Photographic Lamp 


Company, 
Nela Park, Cleveland, Ohio 


General Electric 
cceived 26 March, 19536 
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PROJECTION LAMPS EASILY IDENTIFIED BY NEW 
AMERICAN STANDARD CODE 


S. David Hoffman* and R. P. Wooleryt 


Mixing—Improper mixing of solutions can cause se- 
rious difficulty. The E-2 processing solutions are care- 
fully designed to have as much reserve capacity as pos- 
sible. As a consequence, some of the chemicals are pres- 
ent in the solutions at concentrations close to their 
solubility limits. The mixing instructions, which 
state that cach mix should be started at full volume, 
must be followed explicitly. The need for mixing at 
full volume is particularly important in the color de- 
veloper; if the liquid component of this solution is not 
thoroughly dissolved prior to the addition of the other 
chemicals, an off-standard process will almost inevitably 
result. It is recommended that mixing be done in tanks 
other than those used for processing so that any undis- 
solved chemicals do not ies in the corners of the proc- 
essing tanks. If a common mixing tank is used, it is 
recommended that the solutions be mixed in the same 
sequence that they are used in the process, and that the 
mixing tank be thoroughly rinsed after the mixing of 
each solution. Contamination of one solution by an- 
other should be avoided. Particular care should be used 
to insure that the developer solutions are not contam- 
inated by the clearing or fixing baths. 

The foregoing brief discussion indicates that with the 
large number audio involved in color photographic 
processes, recognition and control of cach of these vari- 
ables must be achieved in order to establish a stable 
standard process. When this condition is attained, any 
careful processor can obtain excellent quality with the 


E-2 Ektachrome Process. 
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Ic is apparent that several lamps shown in Figure 1 
appear idensic al to the layman. Yet all these lamps are 
marked with the same label! The lamp manufacturer 
brands all of them with the same data: “‘300W, 120V, 
Projection, Base Dowa."’ Even when a buyer walks 
into a retail store with the old lamp in his hand and re- 
quests ‘One like this... ."’, he still has to depend upon 
the alertness, knowledge and integrity of the seller to 
supply the proper replacement lamp 

Lae manufacturers have recognized the need for a 
better identification system for a long time. Early in 
1955, using the facilities of the American Standards 
Association, General Electric Company initiated co- 
operative discussions among the four manufacturers 
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PROJECTION 
(DGS) 


O.C. MED. RING BASE UF 
C180 FILAMENT 


W T12 


PROJECTION 
PH/750T12P-120¥ 
PF. 


FILAMENT 


CG.191-8X CG.191-BX 


Fig. 2. Containers for De a lamps have been 
uaiked as shown at left. Following the new Code, the 
containers will bear three-letter identification, such as 
the DGS designation shown at the right. The identi- 
fication formerly used by manufacturer is included on box 
for interim period but will be discarded later. The 
insets above show the corresponding markings which 
are stamped on the lamp envelopes themselves under 
the old and the new system. 


producing motion picture or slide projector —* con- 
cerning the possibilities of standardization. The pur- 
pose was to —o a system for specifically labelling 
and identifying each type of projection lamp, sound re- 


“wopr ned lamp, and other related types of lamps intended 
( 


photographic use 

At the first meeting it was agreed that a good lamp 
identification system should fulfill the following re- 
quirements: 

1. Provide easy identification, by labelling the lamp 
prominently with a simple designation which gives 
complete ordering information, 

2. Be adaptable to present manufacturing methods 
with no increase in production problems. 

3. Have flexibility so as to be capable of encompass- 
ing all existing lamps of this category, and leaving ample 
room for any hich meas be produced in the foreseeable 
future. 

Though general agreement was arrived at on the 
above points, a great deal of discussion centered around 
one question. Should the lamp designation symbols 
employ a meaningful code, or should the code have no 
significance without the use of a key sheet? The staff of 
ASA was particularly vigorous in proposing that a non- 
meaningful code be ae It has been their experience 
through application of several of these systems that 
wherever symbols, letters, or numbers are used which 
tell something about the product, the system soon be- 
comes so complicated as to be unworkable, or nearly so. 

Some of the manufacturers advanced very strong argu- 
ments in favor of having a system at least oureiall 
significant. This was based on their feeling that at 
least the wattage of the lamp should be indicated on the 
lamp itself. The arguments counter to this proposition 
were based on the fact that time and again designation 
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systems employing a meaningful code are broken down, 
resulting in designations that are longer and much more 
confusing than those without meaning other than tor 
pure identification, The real base of this difhculty is 
that while voltage and wattage may be vital today, no 
one can foresee that these same lamp characteristics will 
be of equal importance in the future. In particular, it 
was noted that the more significance a system has the 
more difficult it becomes for the administering organi- 
zation to make assignments, afd the more possibility 
there is of conflicts between manufacturers who may pos- 
sibly believe that they held a pre-emptive right, because 
of commercial and sales considerations, to a particular 
designation. 

This argument was finally resolved and the following 
agreed upon 

1. A non-significant symbol will be marked on the 
lamp to designate completely each individual type. 

2. This Eoslanasion will be composed of three letters 
of the alphabet However, the letters I, O, Q, and U 
will not be used in order to avoid possible conflict and 
ambiguity. (In this regard, American Telephone and 
Telegraph Company's experience has shown it is best to 
discard these four letters for any stamping or marking 

urposes, because of the possibility of their being con 
loo with others.) This system allows a total of 
10,658 combinations. 

3. Wattage, voltage, and burning position may be 
indicated on the bulb at the discretion of the manufac- 
turer concerned 

4. This system will be administered through the 
American Standards Association, which will assign the 
codes, and keep complete records of the operation, 

An administrative problem was anticipated when a 
lamp which is already coded is inmoved in some way 
that changes a specification, Here it was decided that 
the existing code designation of the lamp should be used 
tor the improved lamp, providing the new — is inter- 
changeable with the old in equipment. Similarly, 
when different manufacturers offer slightly different de- 


Fig. 1. Fourteen different types of “4300-watt projec- 
tion lamps” in different sizes and styles are not inter- 
changeable but today all bear the same marking. 


| (@) = = _ 
| | GENERAL‘ ELECTRIC 
: 
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signs in lamps which cach feels are commercially inter- 
changeable, the same code will be used, even though 
certain requirements of the specification may be at vari- 
ance 

Accordingly, a standard has been written which in- 
cludes an explanation of the code, the procedure to be 
followed by ASA in assigning and Paved sn the code, a 
sample of the lamp code request form which is filed by 
the manufacturer at the sine he brings out a new product, 
and material to be used by the ASA staff in determining 
general classifications of bulbs, bases, and filaments. 

In their administration of this system the American 
Standards Association will adopt a punched card system 
which uses one card for each lamp code assigned and re- 
corded. The holes are arranged around the edge of the 
card, which make the re mechanically articulate. 
The use of these cards and associated equipment will 

reatly simplify administration, and make it possible to 
Tocutnine in short order whether the lamp is coded by 


MILE COLOR DEVELOPERS are similar to black-and- 


white developers in reducing exposed silver halide grains 
at arate faster chan that for unexposed grains, they differ 
in that their oxidation products are used for dye forma- 
tion.’ Practical color must reduce the silver 
halide at a reasonable rate and produce oxidation products 
stable enough to reach and to react with coupler mole- 
cules, forming dyes which have the desired properties 
Severe restrictions are thus imposed on the types of 
compounds which are suitable, and color-deve oping 
agents are almost exclusively N,N-dialkyl-p-phenylene- 
diamines, having the following structure 
K 


NH, 


in which R and R’ are alkyl or substituted alkyl; and 
X = H or other substituent 

Dyes produced in color photographic materials such 
as Kodachrome, Ektachrome, Agfacolor, 
Ansco Color, etc., are formed by the reaction of oxidized 
developer with compounds containing active methylene 
or othins groups. The over-all reaction can be writ- 
ten as 


* Research Laboratories, Eastman Kodak Company, Rochester 4, 
Received 27 January, 1956 
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PROPERTIES OF p-PHEN YLENEDIAMINE COLOR- 
DEVELOPING AGENTS 


John R. Thirtle* 


recorded, or if not, 


characteristics and is 
amp of somewhat simi- 


whether there is an existing 
lar characteristics. 

The fruition of this work will be observed in the next 
few months. Purchasers of projection lamps will find 
these new three-letter codes on the carton and on the 
lamp. See Figure 2. From that time on, when a lamp 
burns out, all the customer has to do is go to wherever he 
buys his lamps, and ask for a new lamp by the code 
letters, much as he would ask for a radio tube, and he 
will get the proper replacement for his equipment. 

It is understood that photographic equipment manu- 
facturers are planning to incorporate, on the name plates 
of their products, mo he for the proper lamps to be used. 
This will certainly help the user. 

American Seandard ide for the Designation of Photo 
Lamps, C78.370-1956, is one more example of the bene- 
fits to the consumer which accrue from industry coopera- 
tion sponsored by the American Standards Association. 


x 
x’ K 
CH, + | NO +4Agt— 
y 
Coupler Developer 
x". 
NO +4Ag+ 4H? 
Y R 
Dye 


A secondary reaction may occur if the developer or 
coupler is substituted with an arylamino or alkylamino 
group in a suitable position, giving so-called azine dyes 
of the general structure,* 


Studies have been made which relate structural varia- 
tions in color-developing agents to electrochemical prop- 
erties, development rates, autoxidation rates, coupling "4 
chencies, toxicity.*** The free energy 
change involved in the oxidation of a developing agent 
can be determined by measurement of the polarographic 
half-wave potential, Ei,, of the developing agent. 
The greater the tendency of the agent to lose electrons, 
the greater will be the free energy of the process and the 
more positive will be the oxidation half-wave potential 
of the developing agent. Thus, in general, the more 
active developing agents will have the more positive 
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Table I 


EFFECT OF CHANGES IN R AND R‘’ ON THE HALP-WAVE PO- 
TENTIALS AND DEVELOPMENT RATES OF N,N-DIALKYL-p- 
PHEN YLENEDIAMINES 


Mv) ves 
H Electrode Dev. Rate* 
ac pH min, 


Hy 
Cols — 222 44 
53 


R’ = Variable 
CH, 

Coby 

aH, 


R’ = Variable 
CH, 

n4 aH, 


R’ = Substituted Alkyl! 

CHCONH, 

CH<CHYOCH, 

WH, 

CH? 

CH¢CH,NHSO.CH, 

42 


CH,CH.NH,; 50 


* Reciprocal of time required after induction period to reach a density 
0.2 above fog density 

* Reference compounds 

* Electron-attracting inductive effect of NHSOgCH, is probably over- 
come by dissociation at pH 11 to NC )SOCHs, 

* Low value probably due to low diffusivity 

* Anomalous 


half-wave potentials and, indeed, the relation between 
half-wave potentials and a logarithmic plot of develop- 
ment rates is linear within satisfactorily narrow limits. 

Table I shows the effect of changes in R and R’ on the 
half-wave potentials and development rates of N,N- 
The compounds in cach 
section are listed in the order of increasing potentials 
and rates, an order which is in general agreement with 
increasing clectron-donating inductive effec ts* in R and 
R’ and therefore an increasing ability of the molecule to 
lose electrons. 

At the semiquinone stage of oxidation of the develop- 
ing agent, the resonance hybrid must contain certain 
po structures which are quinonoid in nature. 
These structures require that R, R’, N, and the ring all 
lic in one plane. If such configurations are inhibited by 
steric formation semiquinone will be 
inhibited and the half-wave potential and development 
rate will be smaller than in the absence of steric effects. 
Molecular models show that the hydrogen atoms in the 
2- and 6-positions inhibit coplanarity in the oxidized 
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forms of the N-(p-aminophenyl) derivatives of mor- 
potter, piperazine, and piperidine. On the other hand, 

<p-aminopheny! pyrrolidine is less hindered in the 
oxidized form than is the semiquinone of the parent 
compound, N,N-diethyl-p-phenylenediamine. Table II 
shows the striking results of steric effects on the meas- 
urements for these compounds. 

On the other hand, if R, R’, and N are coplanar or 
nearly so in the reduced form, the transition to the semi- 
quinone is facilitated. By cyclizing R or R‘ or both with 
the orthe-positions in the ring, a nearly planar molecule is 
formed, even in the enouldieyd form of the compound, 
and half-wave potentials and development rates show 
marked increases over the parent compounds. 

Changes in X in the 3-position (Table IV) produce 
major variations in half-wave potentials and develop- 
ment rates. The measurements are in agreement with 
those expected by virtue of the known inductive and 
mesomeric effects exerted by substituents on the benzene 
ring. Exceptions are to be noted where X is NHSO,CH, 
or OH which can be explained on the basis of dissocia- 
tion at pH 11, and where X is NCCH,)», which exhibits 
steric interference with —— group. 

The strong inductive and mesomeric effects noted for 


substituents in the 3-position should also apply to N,N- 


Table II 
RESULTS OF STERIC EFFECTS ON THE MEASUREMENTS FOR 


N-(p-AMINOPHENYL) DERIVATIVES OF MORPHOLINE, PIPER- 
AZINE, AND PIPERIDINE 


Dev. Rate 
(min *) 


0.0012 


(N,N-Dicthyl-p-phenylenediamine 
Hy Hy 


le. 
. 
K R’ 
N 
4 
: 
NH, 
k 
CHy 
( oH, 
Coy 
+ K = ( H, 
CH, ~235 0 
CH, —231 4 
CHy ~ 225 “4 
K = Coy 
4 
~222 “4 
R = 
ro 
Cally 
=> 
CaHy 
Cay N 
| 
NH, 
| Bn A. Ah 
~315 
Hy A, 
H 
Hy Ab 
~ 904 0.13 
4 
Hy H, 
H, 
* 
~ 254 054 
Nu, 
~ 83 
| 
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Table III 


EPPECT OF CYCLIZATION OF R OR BR’ OR BOTH WITH THE 
ORTHO-POSITIONS IN THE RING 


Dev. Rate 


min! 


dialkyl-p-phenylenediamines substituted in the 2-posi- 


tion (Table \ They do, but steric hindrance with the 
N-alky! groups is so great that the semiquinone forms 
with difficulty and half-wave potentials and devclop- 
ment rates are greatly reduced 

Autexidation rates have been determined for some 
N,N-dialkyl-p-phenylenediamines. These fates are 
higher the more positive the half-wave potential, but a 
more pene mathematical relationship - not been re- 
porter 

Coupling efficiency shows little variation in a series of 
compounds differing widely in developing activity.’ 
Thus, about the same coupling efficiency is observed for 
(£:/,-298, de- 
velopment rate 0.01) as for 4-amino-N,N-diethyl-}- 
ethylaminoaniline (£17, development rate 2.5). 

Allergente toxicity, which produces skin disorders like 
those caused by poison ivy, increases with developing 
activity, with certain comy at y Compounds having 
substituents which reduce lipid solubility and/or pro- 
mote keratin-affinity cause a dermatitic response 


oa 


Table IV 


EFFECT OF VARIOUS SUBSTITUENTS IN THE 3-POSITION OF 
COLOR DEVELOPERS 


Cals 


Dev. Rate 


min 


0.091 


Cay 
NHCOCH, 
CHy 

OCH, 
OOH, 
N(CH)» 
NHSOWH, 
NH, 
NHC,H, 
OH 


Table V 


EFFECT OF VARIOUS SUBSTITUENTS IN THE 2-POSITION OF 
COLOR DEVELOPERS 


Coy 


x 


NH, 
Dev. Rate 


i 
(min ') 


xX my 


NHCOCH, ~ 90 0.0014 

~ WS 
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THIOUREA AS AN ACCELERATOR OF THE SOLUTION 
AND DEVELOPMENT OF SILVER HALIDE GRAINS 


T. H. James and W. Vanselow* 


ABSTRACT 


Thiourea markedly accelerates development by an acid iron-Sequestrencf developer. It also increases 
the rate of solution of silver halide grains in an acid developer. These accelerations are produced by as 
little as 0.00001 M thiourea. The effects can be obtained by prebathing the film in an acid thiourea 
solution and washing out the excess thiourea before transferring the film to the developer solution 
Derivatives of thiourea produce a similar, though usually smaller, effect. Thiourea eliminates the 
induction period in development of a motion-picture positive emulsion and of an experimental emulsion 
which produces predominantly surface latent image, but the densities and gamma obtained by prolonged 
development in the presence of thiourea are no greater than those obtained in its absence he action 
of the thiourea resembles that of the quaternary sale accelerators, but a much larger amount of quaternary 
sale is required to produce the same acceleration. Thiourea also promotes development in acid systems 
in an unsensitized silver bromide emulsion of a latent image which cither does not develop in a surface 
deve loper, or requires an excessively long time for deve lopment 

The acceleration of development by thiourea does not depend on the increased rate of solution of the 
silver halide, since the acceleration depends upon the nature of the developer. Amidol and 1-phenyl-}- 


ap ne develop without an induction period in acid solution, and thiourea retards development 


y these agents 


common cause with the increased rate of solution, however 


The acceicration of development by the ferrous Sequestrene solution may have a 


The mechanism of the acceleration is dis- 


cussed on the basis of the charge effect and of displacement of gelatin from the silver halide surface 


» gees and many of its derivatives are well known 
as chemical sensitizers for photographic emulsions 
These compounds under proper can proses 
other effects of interest to photographic theory which are 
quite independent of the sensitizing action. The present 
paper compares the action of thiourea as an accelerator of 
development and of solution of silver halide grains in a 
photographic emulsion. 

The action of thiourea as a development accelerator 
has been observed before. Rawling,' in an investigation 
of the Waterhouse reversal,* showed that photographic 
plates could be bathed in an allylthiourea solution and 
subsequently developed in an acid ferrous oxalate devel- 
oper without serious fog formation. If the plates treated 
with allylchiourea were bathed in sodium hydroxide 
solution before development, so that silver sulfide was 
formed by reaction of silver ion with the allylthiourea, 
the plates developed a heavy fog. Rawling makes the 
peed tea observation that the allylthiourea treatment 
alone caused development to start more quickly than it 
did in the absence of such treatment. Liippo-Cramer* ob- 
served that allylthiourea accelerated development under 
some conditions but not under others. His work will be 
discussed later in this paper 

No direct observations have been reported on the 
effect of thiourea or its derivatives on the rate of solution 
of silver halide grains, but Oyama and Futaki*‘ showed 
that the addition of small amounts of allylthiourea to a 
silver chloride-polyviny!l alcohol emulsion caused a 
marked increase in the rate of growth of the silver 
chloride grains during physical ripening. N-octadecyl- 
N’-allyltchiourea and N,N’-dioctadecylthiourea were 
even more effective. 


* Research Laboratories, Eastman Kodak Company, Rochester 4, 
New York. Communication No. 1781 from the Kodak Research 
Laboratories. Received | March, 1956 

t Sequestrene is a trade-mark for ethylenediamine tetraacetic acid 
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Rate of Solution Studies 


The technique described in a previous publication’ 
can be used to determine to what extent small amounts 
of thiourea and its derivatives can influence the rate of 
solution of silver halide grains in a coated emulsion, 
The method depends upon the fact that the grains can 
be mixed with a Carey-Lea-type silver sol (prepared by 
dextrose reduction of silver nitrate in the presence of 

clatin) before coating, and subsequently coated without 

fogged. The depends also 
finding a developer which will reduce silver ions as fast 
as they arrive at the sol nuclei. The Metol-ascorbic 
acid developer of pH 10.3 used in the previous work is 
not suitable for use with thiourea because the latter in 
alkaline solution reacts with silver bromide to form 
silver sulfide. However, the sulfiding reaction between 
thiourea and silver bromide becomes negligible when the 
pH is sufficiently low, and a ferrous sulfate Sequestrene 
solution can be used as developer at this low pH 

The pH used for most of the work with thiourea was 
4.8 No sulfiding reaction between the thiourea and 
silver bromide could be detected at this pH, even after 
contact for several hours. Calculations based on pre- 
vious data indicate that no significant reaction would 
occur during the times involved in the present experi- 
ments. It has been shown*’ that the rate of reaction 
between allylthiourea and silver bromide varies as the 
square of the hydroxyl-ion concentration over the pH 
range 6.5--7.9 in the presence of excess bromide ion 
If this relation holds to pH 4.8, the calculated rate of 
reaction for allylthiourea adsorbed as a monolayer on 
silver bromide’ is 0.000004 percent per minute in the 
presence of 0.0001 M potassium bromide and the absence 
of gelatin. An emulsion grain of | square micron surface 
area will contain approximately 2 K 10° molecules of 
allylchiourea at monolayer coverage, and the reaction 
rate in terms of molecules per grain is one molecule 
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Fig. |. Pure emulsion: lron-Sequestrene de- 
veloper + 1 g of Kitrc per liter; pH 4.8 buffered; 19.8 C: 
Curve 1, no thiourea; Curve 2, 0.00001 M; Curve 4, 
0.00004 M; Curve 4, 0.00010 M; Curve 5, 0.0005 M 
thiourea 


reacting every 12 minutes. At the bromide-ion con 
centration of 0.0083 M used in much of the present 
work, and with the grains coated by gelatin, the actual 
rate of reaction ts probably smaller by at least two 
orders of magnitude 

The developer had the following composition 


30g 
30g 
1.0 cc 
50.0 cc 
360 cc 


Ferrous sulfate hydrated 
Sequestrene (tetrasodium salt) 
1.0 N Sulfuric acid 

Acetate buffer 

Water to make 


The acetate buffer was composed of 0.4 M sodium acetate 
and 0.2 M acetic acid. The solution was made up by 
dissolving the ferrous sulfate in water made acid by the 
sulfuric acid, and then adding the buffer to form one 
component solution of 260 cc total volume. The Seques- 
trene was dissolved in water to make 100 cc. The two 
solutions were then deacrated separately in the nitrogen 
developing-apparatus and subsequently mixed in this 
apparatus to form the completed developer. The pH of 
th solution at 20 C was 4.8. The developer was used 
either without added bromide or with 1.0 g potassium 
bromide per liter (0.0083 M 

The emulsion used for the rate-of-solution work was 
a pure silver bromide material which had not been chemi 
cally sensitized. The coated emulsion contained 2.03 g 
of silver sol per mole of silver bromide. The experimental 
procedure followed that described* previously. The rate 
of physical development of the sol particles 1s a measure 
of the rate of solution of the silver halide when the 
developer is active enough to reduce the silver ions as 
fast as they arrive at the silver particles. The ferrous 
Sequestrene developer fulfills this requirement for the 
materials used in the present experiments. The rate of 
physical development was measured in terms of the rate 
of increase of density at the absorption maximum, where 
density is proportional to the mass of silver. A small 
correction for fog was made by subtracting the density 
measured at 700 my from the density measured at the 
maximum 

The effect of thiourea concentrations varying from 
0.00001 M to 0.0005 M on the rate of growth of density 
is shown in Figure 1 for a solution containing 1.0 g of 
potassium bromide per liter. The relation between 
density and time is linear in the absence of thiourea, 
and hence the rate of increase in density is essentially 
constant. The slope of this line represents the rate of 
solution of the silver bromide in the acid bromide solu- 
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tion at pH 4.8. When thiourea is present in the solution, 
the density-time relation is not linear during the first 
few minutes, and the rate of change of density increases 
with increasing time of development. Eventually, the 
curve becomes linear 

Figure 2 shows that the same general effect is observed 
when the solution contains no potassium bromide. 
The density-time curve in the absence of thiourea is 
linear, whereas the curves obtained in the presence of 
thiourea show an “induction period.’” If the film is 
prebathed for 30 minutes in a solution of the buffer at 
pH 4.8, then transferred to the developer containing 
thiourea, the density—time curve is essentially the same 
as that obtained without the prebathing. If, however, 
the film is prebathed in a thiourea solution buffered at 
pH 4.8 but containing no developing agent, and is sub- 
sequently transferred to the developer which contains 
the same amount of thiourea, the density-time curve is 
linear. The prebathing treatment climinates the in- 
duction nesled. Curve § in Figure 2 shows the results 
of the prebathing treatment in a 0.00003 M thiourea 
solution. 


— 
. 
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Fig. 2. Pure AgBr emulsion: lron-Sequestrene de- 
veloper (no KBr) at pH 4.8; 19.9 C: Curve 1, no addi- 
tion; Curve 2, 0.00003 M thiourea; Curve 3, 0.00010 M 
thiourea; Curve 4, prebathed 40 minutes in buffer, 
0.00003 M thiourea in developer; Curve 5, prebathed 
40 minutes in 0.00003 M thiourea, 0.00003 M thiourea 
in developer. 


The prebathing experiments were repeated with a 


developer to which 1.0 g of potassium bromide per liter 
had been added. The results were substantially the same 
as those obtained in the absence of bromide. Morcover, 
no significant change occurred when the prebathing in 
thiourea was followed by a period of washing in slightly 
acidulated running water before development. When, 
however, the prebathed, washed film was soaked in a 
sodium carbonate solution for 10 minutes, rewashed, 
then transferred to the thiourea-containing developer, 
the effect of the thiourea prebath was largely eliminated. 
The prebathed strip showed a rate-of-density growth 
which was initially greater than that of the untreated 
film, bue the initial increase lasted no more than a 
minute. The remainder of the density time curve was 
parallel to that of the untreated a Hence, the silver 
sulfide formed by reaction of the adsorbed thiourea and 
silver bromide at the high pH of the sodium carbonate 
solution does not produce a permanent increase in the 
rate of solution of the silver halide analogousto that pro- 
duced by the unreacted thiourea. Development of the 
film which had been given the sodium carbonate treat- 
ment could not be carried very far before an objectionable 
amount of neutral fog density appeared, probably caused 
by development of alive sulfide fog centers. 
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Fig. 3. Pure AgBr emulsion: lron-Sequestrene de- 
veloper + 1 g of KBr per liter; pH 4.8 buffered; 19.7 C: 
Curve 1, no pretreatment; Curve 2, prebathed in 0.0001 
M 1,3-di-n-butylthiourea solution for 30 minutes; Curve 
3, prebathed in 0.00001 M 1,3-di-n-butylthiourea solu- 
tion for 3 hours. 


In another set of experiments, the film was prebathed 
in the acid 0.00003 M thiourea solution, washed in 


acidulated running water, and then developed in a 
solution which did not contain thiourea. The washing 
treatment should climinate any thiourea remaining in 
the film after the prebathing except that held adsorbed 
by the silver halide. The increase in density during the 
first few minutes in the developer which contained no 
thiourea was substantially the same as that previously 
obtained with pretreated film immersed in a developer 
which contained 0.00003 M_ thiourea Hence, the 
adsorbed layer of thiourea promotes the solution of the 
silver bromide, and the rate of solution in the carly 
stages ts as great when the developer contains no thiourea 
as it is when the developer contains 0.00003 M thiourca 
The results of similar experiments with 1,}-di-n-butyl- 
thiourea are illustrated in Figure 3. The prebath 
solutions in these experiments contained 0.00001 M and 
and 0.0001 M _ The film was 
thoroughly washed in running water after the pre- 
bathing, and then developed in a solution which con 
tained no thiourea. The prebathing caused a large 
increase in the rate-of-density growth. The higher 
concentration of the thiourea produced the larger 
increase, but the tenfold change in concentration pro- 
duced only a twofold increase in rate 

Some experiments were carried out with a silver 
bromide emulsion prepared with polyvinyl! alcohol in- 
stead of gelatin he effect of thiourea on the rate of 


growth of density in this emulsion is shown in Figure 4 
The rate of solution of the silver halide, both in the pres- 
ence and in the absence of thiourea, is slower in the 
ylyvinyl alcohol medium than in the gelatin medium, 
~ the relative effect of the thiourea is about the same 
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Motion-picture, fine-grain emulsion in poly- 


Fig. 4. 
lron-Sequestrene developer + 


vinyl alcohol medium: 


1 g of KBr per liter; pH 4.7 buffered; 20.8 C: Curve 1, 
no addition; Curve 2, 0.0005 M thiourea. 
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Table I 


EFFECT OF THIOUREA AND ITS DERIVATIVES ON THE RATE 
OF SOLUTION OF SILVER BROMIDE, AS SHOWN BY THE RATE 
OF DENSITY INCREASE IN A DEVELOPER CONTAINING 10g 
KBr / LITER pH 4.8 


Addition (0.0001 M AD Min 


Temp., 


None 19 8 0.072 


1,3-Diacety! thiourea 0.131 
Acetylchiourca 0 163 
Tetramethylthiourca ,8 
19 7 0 296 
1,3-Diethylchiourca 19 5 065 
a-Burylthiourca 0 67 
Thiourca 19 8 079 
Allyithiourea 19 7 0 82 


The effect of various substituted thioureas on the rate 
of solution of pure silver bromide grains in a gelatin 
emulsion was tested. The thioureas were added to the 
developer at a concentration of 0.00010 M. Each of 
the density time curves has an induction period, The 
effectiveness of cach derivative in promoting the rate of 
solution of silver bromide is indicated by the data given 
in Table l, where the slopes of the straight line portions 
of the density-time curves are listed. Allyl-, 1,3 
diethyl-, »-butyl-, and ethylenethiourea are nearly as 
effective in promoting solution as the unsubstituted 
compound. The acetyl and 1,3-diacetyl derivatives 
are much less effective, and the 1,3-di-m-buty! and tetra 
methyl derivatives are intermediate in effectiveness 
These differences may be associated with differences in 
the adsorption characteristics of the various thiourcas 
The ac ot and diacetyl derivatives are much less effective 
in displacing adsorbed merocyanine dyes from silver 
whens 5 and hence are less strongly adsorbed by silver 
bromide, than allylthiourea and thiourea itself 


) 


Fig. 5. Pure AgBr emulsion: lron-Sequestrene de- 
veloper + 1 g of KBr per liter; pH 4.8 buffered; 19.7 C: 
Curve 1, no addition; Curve 2, 0.0001 M sodium thio- 
sulfate + 0.022 M sodium sulfite; Curve 4, 0.0084 M 
a-picolinium-j-phenylethy! ion; Curve 4, 0.0001 M 
thiourea. 


The quaternary ton in- 
creases he rate of solution of silver bromide when pres- 
ent in the developer. It is of interest to compare the 
effect of this agent with that of thiourea, particularly in 
view of the parallel influence which the two exert on 
development, as shown in the next section. Figure § 
illustrates the density-time curves obtained in the ex- 
periments on the rate of solution for a developer which 
contained 1 g of potassium bromide per liter or the 
equivalent amount of bromide ion. A curve illustrating 
the effect of thiosulfate on the rate of solution is also in- 
cluded. Thiourea is much more effective in promoting 
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solution than an equivalent amount of thiosulfate, and 
is more effective than the much larger concentration of 
quaternary salt used. Other experiments showed that 
prebathing the emulsion in a solution of the quaternary 
salt followed by development in a solution which did 
not contain the quaternary salt produced only a tem- 
“rary increase in the rate of solution. Film which had 
cen washed and film which had not been washed after 
the pretreatment both showed an initial increase of 
density greater than that obtained with the untreated 
control, but the rate-of-density formation after about 1 
minute became substantially equal to that of the control 
Similar results were obtained when the developer con- 
tained no bromide 


Effect on the Rate of Development 


Luppo-Cramer® in 1934 observed that development by 
a dilute alkaline solution of hydroquinone was ac- 
celerated if the exposed emulsion was first bathed for 
1.5 minutes in a 1:100,000 solution of allylchiourea and 
then washed briefly before development. The induction 
period characteristic of hydroquinone development was 
eliminated by the allylchiourea treatment. The ac 
celeration diminished with increasing time of develop 
ment, and eventually disappeared. A similar accelera- 
tion was obtained for development by p-hydroxyphenyl- 
glycine and by acid ferrous oxalate restrained by potas- 
sium bromide. Little or no effect was observed with 
rapid developers which showed little or no induction 
period. Loening, Sutherns, and Bourne* observed an 
apparent sensitization of silver bromide sols by thiourea 
in acid solution, but concluded that it was a development 
effect because the addition of the thiourea after exposure 
produced an effect similar to that obtained by the addi 
tion before exposure 

Some experiments were carried out on the effect of 
thiourea on the development of several different types of 
photographic emulsions. The emulsions used were 
(1) a high-contrast, commercial, motion-picture positive 
material, (2) an experimental sulfur-sensitized emulsion 
which gave predominantly surface latent image, and (3) 


Log exposure (mes) 


Fig. 6. Emulsion (1): lron-Sequestrene developer + 
equivalent of | g of Kiir per liter; pHi 4.8; 20C: Curves 

. no addition; -- 0.0005 M thiourea; ——— 0.0084 
M ion. 
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Fig. 7. Emulsion (2): lron-Sequestrene developer 
+ 1 g of KBr per liter; pH 4.8; 20 C: Curves: ... no 
addition; --- 0.0005 M thiourea. 


an experimental unsensitized pure bromide material 
which produced more internal than surface latent image.’ 
The ferrous-Sequestrene developer buffered at pH 4.8 
and with the addition of 1 g potassium bromide per liter 
was used at 20.0C for most of the tests 

Thiourea markedly accelerated development of the 
commercial motion-picture positive emulsion. This 
acceleration is illustrated by the characteristic curves 
plotted in Figure 6. The dotted curves represent de- 
velopment in the simple developer. The broken curves 
represent development in a devcloper of the same com- 
position with the addition of 0.0005 M thiourea (0.038 g 
per liter). The addition of 0.0084 M a-picolinium-8 
phenylethy! bromide (solid curves) to the simple de- 
veloper produced roughly the same acceleration as the 
0.0005 M thiourea. The potassium bromide was 
omitted from the developer containing the quaternary 
salt because the bromide of the quaternary salt was 
equivalent to 1 g of potassium bromide per liter. Thio- 
urea produced a similar increase in the rate of develop- 
ment of Emulsion (2), as shown in Figure 7 

The acceleration produced by both the quaternary ton 
and the thiourea was most pronounced in the carly 
stages of development of Emulsions (1) and (2). Both 
agents climinated the induction period. Eventually, 
the densities obtained in the absence of accelerator 
equalled those obtained in its presence. The thiourea 
caused some increase in the fog level for the longer times 
of development, whereas the quaternary sale did not 
Tests made on strips of film which had been bleached in 
a 0.3 percent potassium ferricyanide solution to destroy 
surface latent image before development showed that 
the thiourea-containing solution developed only a trace 
of internal image in 65 minutes with Emulsion (1) and 
none with Emulsion (2). Hence, the increase in the 
rate-of-density formation in the carly stages of develop 
ment of the unbleached emulsion must be attributed to 
an acceleration of the development of the surface latent 
image 

Thiourea accelerated development of the cmulsion 
which forms a considerable amount of internal image, but 
the thiourea has an additional action on this emulsion 
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Figure 8 shows the characteristic curves obtained with 
Emulsion (3) by development in the simple ferrous 
Sequestrene solution and by development in the pres- 
ence of thiourea and the quaternary ion. The developer 
which contained the thiourea produced much higher 
densities than could be obtained even by prolonged 
development in the simple solution. The thiourea 
caused some development of internal latent image on 
sensitometer strips which had been bleached for § 
minutes in the 0.3 percent ferricyanide solution, but the 
first trace of development appeared only after 10 to 15 
minutes had clapsed, and the amount of internal-image 
development was not nearly enough to account for the 
increased development of the walicediel strips. The 
quaternary ion aie increased the developed density be- 
yond that obtained in the simple solution, but was not 
as effective as the thiourea in this respect. The quater- 
nary ion did not cause development dtieed image on 
the silver bromide emulsion 

The thiourea does not need to be in the developer to 
accelerate development. The rate of growth of density 
when the film was prebathed for 30 minutes in 0.0001 M 
thiourea at pH 4.8 and then washed to remove the excess 
before development in a thiourea-free solution was 
nearly as great as it was when the 0.0001 M thiourea 
was added directly to the developer. The 1,3-di-n- 
butyl-chiourea was much less effective than thiourea it- 
self in promoting development, but it made no difference 
whether this substance was added to the developer or 
was used as a prebath followed by washing. 

Tests also were made with acid solutions of Amidol 
and 1-phenyl-3-pyrazolidinone as developers. Both of 
these solutions without an period 
The commercial, motion-picture emulsion was used in 
these tests. Figure 9 illustrates the results obtained 
with a developer composed of 14 g Amidol per liter, 
buff :red “e 5.55. In contrast to the results obtained 
with the ferrous-Sequestrene developer, thiourea ac- 
tually retards development by the Amidol solution 
Similar results were obtained with a solution of 0.8 g of 


Log exposure (mcs) 


Fig. 8. Emulsion (3): lron-Sequestrene developer 
+ equivalent of 1 g of KBr per liter; pH 4.8; 20 C: 
Curves: ... no addition; --- 0.0005 M thiourea; 


0.0084 M ion. 
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Fig. 9. Emulsion (1): Densities at log FE = 2.0; 
20.0 C: Curve 1 @@, Amidol developer at pH 4.55; 
Curve 2 AA Amidol developer + 0.0005 M thiourea at 
pH 5.60. 


1-phenyl-3-pyrazolidinone per liter at pH 5.9. The 
latter solution developed at only about one twenty-fifth 
the rate of development by the Amidol, The solution 
which contained 0.0005 M thiourea developed more 
slowly than the one which did not contain thiourea, and 
produced a colored image which showed the charac 

teristics of physical considerable 
amount of dichroic fog formed also. When the film was 
prebathed in 0.0001 M acid thiourea solution for 30 
minutes and washed before being transferred to the 
thiourea-free developer, development once more pro- 
ceeded at a reduced rate, but the image color was normal 
and the rate-of-fog formation also was reduced. On the 
other hand, thiourea promoted development of internal 
latent image by these developers when the unsensitized 
emulsion was used, although it still retarded the initial 
development of the surface Toone image 


Discussion 


The present experiments show that thiourea can ac- 
celerate development by the acid ferrous Sequestrene 
solution in two ways. The thiourea causes a marked 
acceleration of the Tovelenmnant of surface latent image, 
as shown by the results with the commercial, motion- 
picture positive emulsion and especially with the experi- 
mental sulfur-sensitized emulsion which contains neg- 
ligible amounts of internal latent image. The accelera- 
tion of development of these emulsions is confined to 
short times, and disappears by the time 20 minutes has 
elapsed. The maximum density is not increased. The 
unsensitized pure bromide emulsion shows quite different 
behavior the thiourea accelerates development of this 
emulsion from the start, but the densities obtained in the 
presence of thiourea greatly exceed those obtained in its 
absence even on prolonged development. The thiourea 
not only accelerates development of purely surface latent 
image in this emulsion, but promotes dovelagmens of 
internal latent image as well 

The acceleration of surface latent image is not asso- 
ciated with an increase in the rate of solution of the 
silver halide. It depends upon the specific nature of the 
developer. The acceleration is marked when the 
ferrous Sequestrene developer is used, but the thiourea 
actually retards development by Amidol and 1-phenyl-}- 
pyrazolidinone. The acceleration is qualitatively like 
that produced by the quaternary sales, although quan- 
titatively 0.0005 M thiourea is equivalent to 0.0084 M 
a-picolinium-8-phenylethyl ton. On the other hand, 
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the promotion of internal-image development depends 
upon the increase in the rate of solution. Thiourea at 
0.0005 M concentration causes a greater increase in the 
rate of solution than 0.0084 M a-picolinium-6-phenyl- 
ethyl! ion, and also causes a greater increase in the rate 
of deve lopment of the unsensitized emulsions which are 
characterized by a relatively large ratio of internal to 
surface latent image 

The rate of development of the unsensitized Emulsion 
(3) in the presence of thiourea is considerably greater 
than would be obtained by a simple addition of the rate 
of surface-image development and the rate of internal 


image deve ~ a nt, as determined experimentally with 
the bleached film. Two explanations can be sug- 
gested. The« “7 rimentally determined rate of develop- 


ment of internal image may be too low because the net 
rate of solution of the silver halide grains is increased 
when silver on which the silver ions can develop is 
situated nearby. Surface-image development in the 
unbleached strips would rs such ews and hence 
would increase the rate of solution of grains which were 
nearby, bute which did not contain surface image. The 
experimentally determined rate of development of in- 
ternal image may be too low because the bleach destroyed 
some internal image which lay very close to the grain 
surface Loening, Sutherns, and Bourne* have postu- 
lated the existence of “‘two types of internal image, viz., 
the true internal image, which is buried in the lattice of 
the silver halide me not accessible to reagents such 
as developers or oxidizing agents, and another internal 
image situated in the top layer of the lattice, and 
therefore accessible to reagents like the thioureas.”’ 
They propose to call the latter a ‘subsurface image.’ 
Such an image might be destroyed by the ferricyanide 
bleach 

The basic cause of acceleration of development of sur- 
face latent image by thiourea may be essentially the same 
as the cause of the increase in rate of solution. Both the 
rate of development and of solution are increased by a 
layer of adsorbed thiourea. Hence, the thiourea has in 
some way changed the surface of the silver halide grains 
to one which dissolves more rapidly than the original 
surface, and is developed more rapidly by the ferrous 
Sequestrene solution. One explanation depends upon 
the charge effect. Experiments by LuValle" show that 
about 10°° M thiourea is sufficient to shift the zeta- 
potential of a silver bromide sol from —60 mv to a sub- 
stantially zero or slightly positive value at pH 4.0 
The depression in the negative charge of the silver 
halide surface would facilitate the approach of the 
negatively charged, ferrous-Sequestrene ions to the 
grain surtace ond peabehls would promote adsorption of 
the tons by that surface. Hence, the action of thiourea 
in eliminating the induction period and accelerating 
development of surface latent image by the ferrous 
Sequestrene can be explained on the basis of the charge 
effect. Development by Amidol and by 1-phenyl-}- 
pyrazolidinone should not be accelerated by thiourea 
according to this view, and the retardation of develop- 
ment observed can be explained on the basis of competi- 
tive adsorption.'' Ltippo-Cramer’s observations® like- 
wise are in line with the charge-effect explanation, since 
hydroquinone and p-hydroxyphenylglycine both act as 
negative ions with a double « _ in alkaline solution 

Brana, Hedges, and Mitchell’? have suggested that 
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the quaternary ions may be able to displace gelatin from 
the silver halide surface, and such action could lead to 
acceleration of development. Thiourea, which is much 
more strongly adsorbed than the quaternary ions, like- 
wise may displace gelatin, since the thiourea can dis- 
place cyanine dyes which West, Carroll, and Whit- 
comb'* showed will displace gelatin. However, the 
failure of either thiourea or the quaternary ions to ac- 
celerate development by Amidol and 1-phenyl-3-pyra- 
zolidinone is less easily explained on the basis of dis- 
placement of gelatin than on the basis of a change in the 
surface charge of the grain 

The charge effect also may account for the increased 
rate of solution of the silver halide which contains an 
adsorbed layer of thiourea. We have shown previously 
that adsorption of certain rhodanine derivatives is ac- 
companied by displacement of bromide ions from the 
surface. If adsorption of thiourea likewise causes a 
displacement of bromide ions, this displacement and the 
resulting decrease in negative charge could facilitate the 
passage into solution of silver ions which are not a part 
of the adsorption complex. As the silver halide passes 
into solution from the surface layer of the grain, the ad- 
sorbed thiourea layer would re-form on the fresh surface 
The quaternary ion is not so strongly or rapidly adsorbed 
by the silver bromide and does not displace bromide ions 
from the surface. Indeed, electrostatic attraction be- 
tween the bromide ions and the positively charged 
quaternary ions is an important factor in the adsorption 
of the latter. The depression of surface charge brought 
about by adsorption of the quaternary ion could still 
facilitate passage of silver ions into solution. The 
quaternary-ion monolayer becomes disrupted by this 
process which weakens the mee: sy of the bromide 
ions, and the quaternary ion may also pass into solution 
The adsorption layer may be re Seemed yo teed only if 
a substantial concentration of quaternary ions exists in 
the solution. An alternate hypothesis depending upon 
the displacement of gelatin by thiourea and the quater- 
nary ions cannot be ruled out as an explanation i the 
increased rate of solution 

When thiourea is present in the developer solution, 
particularly at the highest concentrations used in this 
work, the formation of soluble complexes with silver 
ions also may promote solution. Thiourea is known to 
form soluble complexes with silver ions in acid solution 
For example, Fyfe'* reports that the precipitate initially 
formed when thiourea is added to acid silver nitrate 
solution redissolves when the mole ratio of thiourea to 
silver is 3:1. The dissociation constant of the AgTus* 
complex is about 10~'* at 25 C. 
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IMPROVEMENTS ON THE DAGUERREOTYPE 


PROCESS OF PHOTOGRAPHY 


O. Sherwood Poppe* 


| THE GOVERNMENT Of France purchased Da- 
guerre’s process in 1839, the book Historique et description 
des procedes du daguerreotype et du diorama was published in 
Paris that same year. Another account, written by 
Louis Jacques Maude Daguerre, was translated into Eng- 
lish by J. *. Frazer' and published in the United States. 
The following description of Daguerre’s method is taken 
from Frazer's article 

Daguerre divides his process into five operations: 
The first consists in polishing and cleaning the plate, so 
as to render it fit for receiving the sensitive coating. 
The second, in applying this coating. 

The third operation submits the plate thus prepared, 
to the action of the light in the camera obscura, in order 
to receive upon it the picture from nature. 

The fourth operation causes this picture to appear; 
it not being visible when first taken from the camera 
obscura. 

Finally, the fifth has for its object, the removal of the 
sensitive coating which would continue to be modified 
by the light, and would tend necessarily to destroy the 
impression altogether 


First Operation 


The plate is polished by the following method: 
sprinkle with pumice previously tied in a small muslin 
sack and rub gently with a circular motion with cotton 
soaked in olive oil. Repeat this process several times, 
but Daguerre warns “the mortar se a a for pul- 
verizing the pumice should be neither of cast-iron nor of 
copper, but of agate’’ and, of course, the pumice should 
be quite fine so the plate will not become scratched dur 
ing the polishing 

After the polishing operation the plate is rubbed 
gently with “‘nitric acid diluted with water in the pro- 
portion of one part of acid, to sixteen parts of distilled 
water’ using only a small amount of acid, enough to 
wet the central portion of a cotton plug. The acid is 
removed by gentle rubbing with several fresh cotton 
plugs until the plate is “‘covered with a regular veil over 
all its extent.” 

* 1682 Lower Grand Avenuc, Piedmont 11, California. An abstract 
from a thesis presented to the Graduate Division, Reed College, Port 


land, Oregon, August 1955, in partial fulfillment of the requirements for 
the degree Master of Arts. Received WO November, 1955 
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The plate is again rubbed with pumice, and after this 
operation heated with high heat of a spirit-lamp which 
passed backwards along the under sur- 
face of the plate, so close that the flame may be broken 
upon it A whitish coating will form on the plate 
alest about five minutes, and then the plate should be re- 
moved, polished again by pumice and cotton, treated 


‘three more times with the nitric acid solution, cach time 


rubbing the plate completely dry (always with a circular 
motion) with frequent changes of cotton plugs. The 
polisher should ake special precautions so ihn the por- 
tions of the cotton touched by the fiagers will not touch 
the silver surface because ‘the transpiration would cause 
blurs upon the opie The humid vapour of the 


breath must also be avoided, as well as drops of saliva.” 


Second Operation 


The silver plate is attached to a frame and placed in a 
light-tight iodizing box containing a dish of iodine 
crystals covered with a piece of gauze stretched above the 
dish. In a dark room “into which no light penetrates 
excepting through a door which is left a little open” the 
plate is allowed to remain in the box until “the surface 
of the silver is covered with a perfect coating of a golden 
yellow colour.’" No heat is applied to the iodine and it 
is important that the interior of the box be at the same 
temperature of the exterior otherwise moisture may con- 
dense on the plate which would be “‘very injurious to the 
results."’ The longer the box is used the better it be- 
comes, for the wood of the box absorbs the iodine 
and this vapor ‘‘tending always to disengage itself” will 
cause the silver plate to become coated more quickly 

The time for this iodizing operation to attain the 
‘* golden yellow coat cannot be accurately fixed (it may 
vary from five to thirty minutes, rarely more, unless it be 
very cold)’ and it is quite important to examine the 
plate from time to time and to remove it as soon as it 
reaches the required color, for ‘if it be left too long, this 
golden coating will pass to a violet color, which must he 
avoided since the coating is then not so sensitive to 
light.’" If by incorrect timing the plate become. violet 
due to over exposure to the iodine vapors, the polishing 
operation must be repeated to remove the iodide coating 
and the plate refumed with iodine 
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Third Operation 


The plate is exposed in the camera and ‘‘the most 
favourable time is from 7 until 3 o'clock; and, at Paris, 
what we obtain in three or four minutes in June or July, 
will require § or 6 minutes in May or August, 7 or 8 in 
April or September, and so on, in the same proportion as 
we advance in the season It is important neither to 
over-expose nor under-cxpose for the image produced 
would not be perfect. Daguerre advises that “if we 
have failed in the first impression by withdrawing it too 
s00n, or le aving it too long, we commence another im 
mediately with almost a certainty of success; it is of 
advantage even, to make some experimental impressions 
in order to acquire practice.” 

After exposure in the camera the plate should be 
developed within an hour's time by means of the fourth 
step 


Fourth Operation 


The developing apparatus consists of a pan of mercury 
Daguerre advises to use about two pounds) enclosed in 
a box and arranged so that the mercury can be heated by 
aspirit lamp. The plate is inclined at a 45° angle with 
the sensitive iodized surface toward the mercury so that 
it can be viewed at intervals during the development 
through a window in the box The exposed alone Is 
laced within the box, the lid closed, and the mercury 
f ated to 60 Centigrade; the image appears slowly and 
its progress may be watched by using a candle. By the 
time the temperature of the mercury has fallen to 45 C 
the plate should be removed and examined in cxisting 
room light. The plate’s image should be fixed as de 
scribed in the fifth step even though the ‘impression 
may be preserved in this state, for several months, with 
out undergoing any alteration, provided it be not often 
examined in a strong light.” 


Fifth Operation 

To remove the sensitive iodide coating unaffected by 
light and the mercury development treatment, the plate 
is fixed by cither of two methods; Daguerre recommends 
the second. In the first method the plate is rinsed in 
distilled water, soaked in a odin solution of sale 
heated almost to boiling until the yellow iodide coating 
is removed from the plate, and then rinsed several times 
in hot distilled water and allowed to dry. The second 
method consists of rinsing the plate in distilled water 
soaking it in a dilute solution of “hyposulfite of soda” 
until the iodide is removed, and then rinsing and drying 
it as in the first method 

The impressions should not be touched or rubbed 
otherwise the image will come off. Daguerre recom 
mends that ‘‘to preserve the impressions, they must be 
put under glass and cemented in; they are then unalter 
able, even in the sun.” 


Improvements of the Original Process 


The Daguerrcotype process was not perfect. One of 
the greatest difficulties was in obtaining silver plates of 
the required quality; often the available plates possessed 
marked imperfections. The plates were cither obtained 
from France or the United States; Goode" observed that 
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‘American plates are exceedingly imperfect."" In the 
1840's some silvered plates were prepared by rolling to- 
gether under great pressure sheets of copper and silver 
and had to be obtained commercially. Some photog- 
raphers, however, made their own silver surfaces in a 
manner described by Goode: “‘A piece of brass, or of 
planished copper—brass is preferred—is perfectly pol- 
ished and its surface made perfectly clean. A solution of 
nitrate of silver, so weak that the silver is precipitated 
slowly, and of a brownish color, on the brass, is laid 
uniformly over it, ‘at least three times’ with a camel's 
hair pencil. After cach application of the nitrate, the 
plate should be rubbed gently in one direction, with 
moistened bitartrate of potassa, applied with buff 
This coat of silver receives a fine polish from peroxide of 
iron and buff. Proofs are said to have been taken on it, 
comparable with those obtained on French plates."’ 


Experiments with Daguerre’s Procedure 


Producing an acceptable Daguerreotype which even 
remotely resembles an image of some object is not an 
casy task to accomplish because of the number of vari- 
ables involved. If the silver plate does not have the re- 
quired polish, the image after development appears 
clouded, if it appears at all. An uneven coating of io- 
dine vapor or a coating which is too thick or too thin 
makes it impossible to ‘guess’ the proper exposure re 
sulting in a solarized, blurred or extremely faint image. 
If during development, the mercury is raised to too high 
a temperature, large globules of mercury condense on the 
entire surface of the silver plate making the image indis- 
tinct and lacking in contrast. If the mercury is not 
heated to a sufficient temperature, the image appears so 
slowly that the operator becomes impatient, heating 
the mercury too much and thus an acceptable image ts 
again not produced 

In order to overcome these difficulties, the following 
variations of Daguerre's original process were devised. 

Preliminary experiments were carried out utilizing 
several different silver cyanide complex and silver iodide 
complex electroplating baths’ with a copper sheet as the 
anode. Electroplating had to be abandoned because 
great difhculty was encountered in polishing the silver 
even when using a buffing wheel and a fine grade of 
jeweler's rouge. Also, the polishing operations took a 
great deal of time. Pits, smudges, and scratches almost 
always appeared in the finished plate. It was decided 
to produce a silvered surface on a material which itself 
was extremely smooth and would require little if any 
polishing. Glass appeared to be the answer 

Several methods of producing mirrors on glass supports 
were investigated and it was decided that the mirrors 
which best suited Daguerreotyping were produced by 
the Rochelle salt process as outlined by Hiscox.‘ It 
was discovered that the glass surfaces to be used to pro- 
duce perfect mirrors must be absolutely free from grease, 
finger prints, dust specks, etc. Ordinary 3.25" x 4° 
lantern slide plates were cleaned according to the method 
which follows. 


Cleaning the Glass Surfaces 


Each picce of glass and the treating equipment were 
soaked in regular cleaning solution com poscc of concen- 
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trated sulfuric acid C.P. and potassium dichromate, and 
after this treatment the glass ware was thoroughly 
rinsed to insure the removal (as completely as possible 
of any ions which may have become absorbed during 
cleaning. Where water was used as the solvent for 
chemicals, ordinary Portland, Oregon, tap water was 
used except in the case of the silvering solutions where 
the tap water was first passed through an ion-exchange 
resin column. 


Before replating the glass plates which had previously 
been used for Daguerreotype plates, the silver and mer- 
cury on the on were removed by soaking the plates in 
concentrated nitric acid until all visible traces of the 
silver and mercury disappeared; after this the plates 
were rinsed in water, ribbed with paper towels, and 
then soaked in 1 molar sodium hydroxide solution. It 
was hoped that this treatment would successfully remove 
all traces of silver and mercury from the glass surface, 
and evidently it did, though no chemical tests were 
made. Perfect mirrors were made on the glass surfaces 
thus treated 


The plates were next cleaned with gray Lava soap, 
being especially careful to rub over the entire surface 
with ~— towels. The plates were next carried 
through the following cleansing steps: (a) rinsed under 
flowing water, (b) cleaned in a solution of Joy, (« 
rinsed thoroughly in flowing water again, and (d 
transferred until needed in a made up 
from one part cleaning solution to sixty parts water 

From the dilute cleaning solution one plate was — 
into a previously cleaned 600 ml beaker, the transter be- 
ing completed with the fingers making this the last 
time that any of the plates came into contact with the 
fingers until the silvered plates were dry. This beaker 
was filled with cleaning solution, and the plate was 
soaked for ten minutes. The cleaning solution was 
then decanted into another 600 ml beaker containing 
another glass plate. The plate just removed from the 
cleaning solution was washed in the beaker with three 
successive changes of water being careful not to allow 
the water to flow directly from the tap on to the side of 
the glass plate which was to be mirrored. In all follow 
ing steps this washing procedure was strictly adhered to, 
for its was found that by washing in any other manner 
streaks frequently appeared on the finished mirror, and, 
of course, streaks were not desired 

With the washing of the plate accomplished, a solu 
tion of 0.01 molar salicylic acid® was poured into the 
beaker containing the glass plate and allowed to remain 
in contact for ten minutes. Since the mirroring ume 
required ten minutes, a ten minute cleaning time seemed 
a good standard and thus kept things rolling assembly 
line style. After the salicylic acid treatment, the glass 

late was rinsed in its beaker three times and then trans 
eed to a stannous chloride solution’, approximately 
0.1 molar 

The stannous cloride stock solution was prepared by 
boiling together 238 grams of stannous chloride and 
water and then adding sufficient hydrochloric acid to 
dissolve the hydrolyzed stannous chloride. The entire 
volume was adjusted to 200 ml by evaporation or ad 
dition of water as was necessary Experience showed 
that if the molarity of the stannous chloride solution in 
contact with the glass plate were reduced to 0.05 molar 
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and the glass plate treated subsequently in hydrochloric 
acid, the mirrored surface did not appear for about seven 
minutes and even so it was characterized by surtace ir 
regularities in plating. Omitting the hydrochloric acid 
rinse after the 0.05 molar stannous chloride treatment 
permitted the silver to plate out fairly rapidly, but 
streaks appeared which were probably due to non- 
uniform removal of the hydrolyzed stannous chloride 
For this reason a 0.1 molar stannous chloride solution 
was used and followed directly without washing by a 
1 molar hydrochloric acid bath. 


After the hydrochloric acid treatment the plate was 
rinsed twice in cold water, twice in hot water, once 
more in cold water, and twice in de-ionized water 

Ac times the plates were left to soak in the de-ionized 
water until needed, and at other times the plates were 
transferred directly to the silvering solutions 

Si/vering Solutions. silvering solutions, con- 
verted to metric units, were made in the following man 
ner. Solution I, Reducing Solution: 946 ml de-ionized 
water was heated to boiling to which 3.1 grams of silver 
nitrate was added and after this dissolved 3.1 grams 
Rochelle salt were added. The mixture boiled for 
seven minutes and then was filtered twice while still 
hot. Solution 11, Silvering Solution: in 473 ml de-ionized 
water 4.9 grams of silver nitrate were dissolved and 
sufficient ammonium hydroxide was added drop by drop 
until che ener formed by the addition of the am- 
monium hydroxide jast cleared. The solution was 
diluted to 946 ml by adding de-ionized water 

The cleaned glass plate was transferred to a beaker 
containing the Reducing Solution at 60 C and allowed to 
remain for about one minute. The plate was then 
placed in the silvering pan which consisted of a 25¢ 
plastic sandwich box, the transfer being accomplished 
without having the fingers touch the glass plate. 
Twenty milliliters of the Si/vering Solution were onal 
over the surface of the glass plate being careful not to 
pour Sslvering Solution directly from the graduated cylin- 
der on to the glass surface, but rather pouring the solu 
tion into one side of the silvering pan and then ulting 
the pan to allow the solution to flow over the glass 
evenly. 

As a brownish a began to appear on poe 
surface, usually within ten seconds, 20 ml of Reducing 
Solution (equal in volume to the silvering solution) was 
flowed into the silvering pan in the same manner as de 
scribed above. The entire solution was rocked gently 
throughout the duration of the plating process of tne 
minutes or until specks of a black flocculent precipitate 
appeared in the 

The used solution was poured into dilute hydrochloric 
and nitric acids to prevent the formation of silver ful- 
minate’, and the slotinn operation was repeated two 
more times 

If at any time during the plating operation, the silver 
appeared to be plating out unevenly, or if blemishes or 
pock marks appeared on the silver surface, the mirroring 
of that plate was suspended and the plate recleaned to be 
mirrored again 

To be positive that the Si/vering Solution contained the 
excess of silver necessary to the plating operation, a small 
amount of silver nitrate solution was iene handy and 


from time to time as the plating proceeded too slowly, 


77 


three or four drops of the silver nitrate solution were 
added to the Silvering Solution. \t was found that if coo 
much silver nitrate were added, the mirror plated out 
from the silvering bath appeared golden in color and 
this golden color did not disappear completely om 
drying, in addition the golden mirrors did not produce 
excellent Daguerreotypes. It was essential to have the 
proper amount of excess silver 

The completely silvered plate was rinsed in water and 
then by means of a glass fork removed from the silvering 
tray and —— on pe towels to dry. Some plates 
were dried in the air by allowing air currents in the room 
to evaporate the water and at other mes by using warm 
air from a hair drier. No difference was coche te the 
finished Daugerreotypes when either method was used 
though one small streak did appear close to the bottom 
of the plates dried with air currents, a procedure which 
always leaves the last droplet of water at the bottom 

The mirrored plates were stored in an air-tight con 
tainer until ready for todine sensitization 


Sensitization 


By the historical method the plates were sensitized 
by iodine in the form of vapor eine by 1odine pro 
duced uneven sensitization which resulted in poorly 
defined pictures, and, too, fuming exposed the writer to 
iodine vapors. In an effort to produce more evenly 
sensitized plates, it was decided to attempt iodizing with 
a solution of sodine in the organic solvent carbon tetra 
‘ hloride 

Recalling the fact that during sensitization of the sil 
ver plate by iodine vapors the plate passed through a 
definite series of color changes as the iodizing proceeded 
pale straw, light yellow, gold yellow, orange, red, blue, 
purple, white, pale straw, etc., 1¢ was not difficult to 
determine the proper time to leave the silvered plates in 
with che soluaion The gold ycllow 
color produced the most sensitive Daguerreotype plate 

by experimentation it was found chat if a solution 
composed of 0.00007 molar iodine and 0.00002 bromine 
in carbon tetrachloride were allowed to remain in contact 
with a mirrored glass plate, the optimum sensitivity 
was approached in about fifteen seconds immersion; 
this sensitized surface appeared dull gold in color. At 
the end of late was removed from the 
iodine-bromine solution and fanned dry; the sensitizing 
was accomplished in the dark room under the light of the 
yellow safe-light. The sensitive plates were imme 
diately placed in their holders and exposed as quickly as 
possible 

For proper exposure it was found that light colored 
objects were reproduced best at an exposure of 45 sex onds, 
and extremely dark subjects at 90 seconds at an aperture 
of {/4.5 10 full sunlight 


contact tod ime 


15 seconds the 


Development and Fixing 


Immediately after exposure the plates were developed 
in a mercury fuming box as shown in Figure 1, and che 
method followed was essentially that of Daguerre. The 
progress of the de ne se of the image was watched 
through the glass window on the side of the developing 
box. It usually appeared within six minutes, providing 
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Fig. 1. 
reotype plates. 
tom, respectively. 


Developing box for fuming exposed daguer- 
A and E are the removable top and bot- 
B is the exposed plate, held ata 45° 
angle for fuming. C is the glass window allowing in- 
spection during the process. D is the fuming chamber. 
F is the iron dish containing mercury. 


the exposure was sufficient. If the exposure was not 
sufficient to produce an acceptable image within six 
minutes of mercury development, that particular Daguer- 
reotype was considered a failure and its image was 
promptly removed with nitric acid 

The developed Daguerreotype was placed immediately 
after its development into a solution of 0.5 molar sodium 
thiosulfate until the yellowish cast disappeared. Ex- 
treme care Was necessary in removing the Daguerreotype 
from the sodium thiosulfate solution since at the slight- 
est touch the silver would leave the glass support re- 
moving the image along with it. The transfer of the 
plate was accomplished with the fingers, and the plate 
was rinsed in water at room temperatures. If the wash 
water was too cold, a reticulated surface appeared and 
w hile this reticulation did disappear upon drying, it was 
not considered good technique to allow it to occur 
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With the described process it was possible to achieve 
about 90°), perfection 
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A New Type of military target or ‘gun camera’’ has 
been developed by Fairchild Camera and Instrument Cor- 
ywration of Syosset, New York for the U. S. Air Force 
his camera, designated the “‘KB-§"' automatically com 
pensates for changes in illumination on the scene by 
means of an automatic control of the iris diaphragm 
These 16mm motion picture cameras, when installed 
on super-sonic speed jet fighter planes, can be used to 
aaued details of acrial combat. The importance of 
automatic exposure control when photography is at 
temped from a fighter plane is evident when it ts realized 
that the nose of such a planc, engaged in a “‘dog fight,” 
may be pointed at brilliantly sunlit sky one minute and 
a few seconds later at a densely shaded area of the 
earth. In the use of former cameras of this type, por 
tions of the film would be greatly overexposed while other 
sections would be under exposed 


The Fairchild family of military “Gun Cam- 


Fig. 1. 
eras” includes, from left to right, the old N-6 GSAP 
(Gun Sight Aiming Point) camera, the N-9, and the new 


KB-5, with automatic exposure control. More than 
150,000 of the old N-6 GSAP cameras were manu- 
factured during World War I. 


In the Fairchild KB-5 camera, the actual illumination 
received through the picture taking lens can be compared 
64 times a second with the illumination from a reference 
lamp inside the camera. If there is a difference, the lens 
diaphragm is changed automatically to match the light 
level of the reference lamp which insures proper film 
exposure. This is accomplished by a closed loop system, 
employing a transistor servo amplifier. The rate of 
response to a change in light is rapid. The system will 
drive 6 lens stops in 1.8 seconds 

* Fairchild Camera and Instrument Corporation, Robbins Lane, 
Syosset, Long Island, New York. Received 28 March, 1956 
required. 
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Fig. 2. The KB-5 camera with front plate removed to 
show the automatic iris diaphragm control, Two 
magnetic cylinders activate a “wiggler” system to con- 
trol the rate and direction of change of the iris. Minia- 
turization of the camera mechanism includes the use of 
transistorized amplifiers. 


Film magazines are loaded into a container 
which can be replaced with one hand by the airman in a 
matter of seconds whenever a fresh loading of film is 
required. 


Fig. 3. 
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Another feature of the KB-5 is its extremely light 
weight. The camera, with a fully loaded magazine 
containing 50 feet of 16mm film, weighs less than §'/» 
pounds 

New concepts of film handling are alsocmployed. The 
unique film drive is contained in the film magazine itself 
It is always engaged with the film and there are no clumsy 
claws to be bent or to lose contact with the film durin 
the return stroke. Provision is made for daylight ~e 
ing of the cameras, employing the Kodak $0-foot film 
magazine 


The shutter speed is '/2 of a second. This speed 
cannot vary with changes in frame rate as the shutter 
design entails two blades, both rotating in the same 
direction. The forward blade, or shutter blade, has an 
angular cutout of 92 degrees and rotates at a constant 
speed of 64 rps. The second blade has a 115 degree 
angular cutout and rotates at the same speed at the 
frame rate--64, 32 or 16 frames per second. With this 
arrangement the required shutter speed of '/ 240 of a second 
is maintained without the necessity of varying slit width 
as in the conventional type of shutter design 


MASKING FOR HALFTONE 


Report of a lecture given by Mr. FP. Pollak (Kodak Led.) on 22nd 
March 1956 at a meeting of the Scientific and Technical Group of the 
Royal Photographic Society of Great Britain in London. Contributed 
by Mr. R. E. Withrington, Hon. Sec. Received 23 April 1956 


The lecturer introduced his subject by summarising the 
contents of his carlicr papert dealing with the colour of multi 
colour halftone images. Owing to their dot structure the 
separate cyan and magenta components of halftone prints were 
more degraded than the corresponding ones of a continuous 
tone process employing the same inks. But the dot structure 
did not introduce a basic difference between Halftone and 
Continuous Tone processes as far as combination of the 
components into multicolour prints was concerned, both sys 
tems obeyed essentially the law of addivity of densities. It 
was, therefore, possible to write down a sect of equations for 
halftone densitics which expressed this law. These equations 
could be solved if use were made of the fact that the yellow ink 
used in practice was ‘ideal’ and the magenta ink transmitted 
to all intents and purposes) all the red light. The resulting 
“masking equations’ yiclded information about the masking 
procedure which would give the colour correction required 
The masks were not linear but bowed, being contrastier in the 
highlights and flatter in the shadows than linear ones, but of 
equal density range. They could be obtained by partly image 
wise exposure and partly flash exposure and development to, 
gamma 1, the high gamma development ensuring the high 
highlight contrast, and the flash ensuring the low overall con 
trast. These masks would, therefore, subtract relatively more 
density from the lighter tones of the record with which they 
were bound up and thereby correct for the additional colour 
degradation of the light tones of the cyan and magenta half 
tone scales which the lecturer had mentioned (and illustrated 
with cyan scales ) before 

The gradations of the masks and of the masked separations 
derived from these equations were however strictly limited to 
the case under discussion, which assumed that multiple reflec 
tions in the paper played little part and that solid densities were 
additive. The lecturer then turned to the practical applica 
bility of his results and gave examples of measurements carried 
out on some recent printing experiments. These showed that 
with screen rulings of 85 lines/inch the degradation of a 
cyan halftone scale was only slightly less than calculated, 
that of che magneta scale agreting with calculation. More 
serious deviation from ‘ideality’ occurred however, with the 
additivity of solids; in the printed example in particular, 
serious sub-additiviry of the blue densities, less of the green 
densities and least of the red densities was encountered. Burt it 
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could be shown by qualitative argument, and also by calcula 
tion, that this addivity failure affects halftone densities to an 
extent which decreases with decreasing dot size. This was 
confirmed from measurements of two-colour and three-colour 
step-wedges (printed with inks of solid densities of the order 
of 1.0) which showed that the density of the sum agreed almost 
exactly with the sum of the densities when this was less than 
about 0.9 

The lecturer summarized the various measurements by say 
ing that with coarse screens the use of the procedure pre 
scribed by the equations would result in the lighter parts of a 
grcy scale being correctly reproduced, but the shadows lacking 
yellow and magenta. The lecturer showed two three-colour 
scales printed at 85 lines per inch, one (obtained from cyan, 
magenta and yellow scales of equal dot sizes) being brown, the 
other Cobtained from the same cyan scale as before but with the 
magenta and yellow dot sizes reduced in accordance with the 
equations), being neutral. He stressed the fact that in print 
ing the scale he departed from his equations insofar as the 
strengths of the magenta and ycllow inks actually used were 
higher than those on which the calculations were based. This 
ensured neutral shadows (in both scales) and also affected, to a 
lesser extent, the lighter tones. As these appeared satisfactorily 
neutral, it could be concluded that if the assumed strengths of 
ycllow and magenta inks had been used, the lighter tones of this 
scale would have been slightly lacking in yellow and magenta, 
ic. would have been slightly “‘over-corrected’’. A slide in 
which the actual densities of the three progressives were 
plotted against the densities of the cyan progressive showed 
that the bowing required in the yellow and magenta printers 
was quite strong, being stronger in the shadows than indicated 
by the equations, owing to the additivity failure, and being 
somewhat less in the highlights owing to the interreflections in 
the paper 

The lecture ended with another printed example. In this 
case an ‘Ektachrome’ transparency was reproduced by means of 
a) two linear masks, (b) two bowed masks. In cach case the 
contrast of the transparency had first been reduced by a panchro 
matic contrast mask. The lecturer pointed out that he had 
followed the equations up to the point of making the un 
corrected separations and the masks, he deviated from his half 
tone equations in the case of (b) and also from the linear equa 
tions in the case of (a) by “pulling up’ the contrasts of the 
magenta and ycllow printer so that their density ranges equalled 
that of the cyan printer. The dot size reduction of the two 
bowed printers was therefore less than theoretical. From the 
resulting (133 lines/inch) illustrations it could be seen chat the 
two results differed in the expected direction, though the differ 
ence was not very great 


PHOTOGRAPHIC SCIENCE AND TECHNIQUE 


